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Cell Biology and Metabolism Branch

INTRODUCnON

The Cell Biology and Metabolism Branch (CBMB) of the Intramural

Research Program, NICHD, has continued to pursue multiple areas of cell

and regulatory biology. Specific projects focus on the structural and

biochemical basis of immune cell activation, the general biology of

intracellular organelles and the internal organization of eukaryotic cells,

the biology of metal metabolism, post-transcriptional gene regulation, and

the genetic response of organisms to environmental stress. Through the

open structure of the laboratory, shared facilities, seminars, group

meetings, journal clubs, and an annual retreat, CBMB is a highly interactive

and active scientific environment. Within CBMB a wide array of

techniques are brought to bear upon the scientific problems of interest to

the investigators. Over the past year, we have completed the construction

and start-up of an electron-microscopy facility utilizing a new Phillips

electron-microscope. Under the able tutelage of Dr. Peter Peters, a visiting

fellow from the Netherlands and a world's expert in the technique of cryo-

immunoelectron-microscopy, we have introduced this valuable technique

to the laboratory. Currently, there are seven principal investigators within

CBMB whose work has been organized into eight projects. Three of these

projects center around several critical aspects of organelle biology, two

groups examine the structural and biochemical basis for the activation of

the immune system through T lymphocytes, and three projects focus on

specific areas of the regulation of gene expression.

Organelle Biology

The central vacuolar system of eukaryotic cells is an interlocking

membrane system composed of distinct organelles (including ER, Golgi

apparatus, secretory vesicles, secretory granules, plasma membrane,

endosomes and lysosomes, and utilizing selective transport pathways.



Three projects within CBMB examine different aspects of this complex

membrane system. One group directed by Richard Klausner has focused on

new approaches to studying the biochemical basis for the regulation of

membrane traffic and the maintenance and remodeling of organelle

structure. A key element of this work is based upon the discovery that a

naturally occurring fungal anti-metabolite, Brefeldin A (BFA), has profound

and remarkable effects on the structure and function of the central

vacuolar system. This drug represents an entirely new class of

pharmacologic agents and provides a new set of tools for dissecting the

dynamic processes that underlie the existence and function of these

intracellular organelles. Over the past year, this group has continued its

efforts to understand the site of action of this drug. This work has

established that BFA interferes with an essential regulatory cycle that

controls membrane traffic. This regulatory cycle involves the ability of

specific membranes to activate a family of GTP binding proteins. One of

the functions of this family of GTP binding proteins is to regulate the

assembly of cytosolic structural coat proteins which are responsible for

producing and/or regulating the formation of transport structures that

move membrane and content from one organelle to another. Beginning

with BFA, the group has characterized many of the details of how one or

more GTP binding and hydrolysis cycles are coupled to the regulation of

coat protein assembly. In an attempt to extend this new pharmacology,

this group, in collaboration with a synthetic organic chemist in France,

Andrew Greene, has identified a variety of analogs and related compounds

that have similarly profound but distinct effects on intracellular organelles.

Over the past year, much attention has been paid to a set of such drugs

that stimulate guanine nucleotide exchange onto these regulatory GTP
binding proteins rather than inhibit this exchange as BFA does. The critical

GTP binding proteins that appears to be the essential target of these drugs

belongs to a family of proteins called ARF's. This has led the group to more

carefully examine the biology and biochemistry of this family of regulatory

proteins. In addition to utilizing BFA and related compounds to probe

critical interactions that underlie the regulation of transport, this group has

identified a small family of membrane receptors which appear,

themselves, to function by regulating the same system that BFA interferes

with. This has provided a unique opportunity to study intrinsic gene

products that regulate the assembly of transport structures and the

modeling of organelles. Finally, the group has begun to have success with



two additional approaches to understanding critical regulatory sites within

organelles. One is the use of photo-activatable derivatives of drugs that

antagonize BFA in order to directly biochemically identify potential target

proteins. The second approach is to provide tractable genetic systems for

studying the targets of BFA. To this end the group has established the

ability to study the effects of this drug in the simple eukaryote,

Saccharomyces cerevisiae. They have demonstrated that this organism
responds to BFA in a manner that seems quite analogous, if not identical,

to that observed in mammalian cells. In sum, the studies with BFA have

provided new insights into the properties of sets of organelle-specific coat

proteins, the biochemical processes that regulate their assembly and

disassembly, and presents a framework for relating the biochemical

regulation of membrane transport to the structure and maintenance of

organelles.

A second group headed by Juan Bonifacino studies the regulation of the

fate of newly synthesized proteins that enter the central vacuolar system.

Studies in this group have focused on the cellular and molecular

mechanisms that determine the intracellular fate of newly synthesized

proteins within the secretory pathway. Areas of interest have included the

relationship between protein structure and fate of proteins in the

endoplasmic reticulum (ER), and the mechanism of protein localization to

the trans-Go\%i network (TGN). Recently, this group has investigated the

cause for the intracellular retention of glycosylphosphatidylinositol (GPI)-

anchored proteins in cells deficient in the synthesis of GPL This metabolic

defect is thought to be the cause of the human disorder, paroxysmal
nocturnal hemoglobinuria (PNH). Their studies have shown that precursors

of GPI-anchored proteins are retained and degraded within the ER of GPI-
deficient cells, and that the ER retention/degradation phenotype is due to

the presence of an uncleaved signal for GPI-anchor addition. GPI-anchoring

signals show a remarkable resemblance to the "heterophilic sequence"
motif previously shown in their laboratory to mediate assembly and ER
retention/ degradation of unassembled subunits of the T-cell antigen

receptor. They have also investigated the assembly of class II MHC
molecules in the ER and have discovered a role for transmembrane (TM)
domain interactions in the assembly of class II MHC molecules. TM domain
interactions are required for correct assembly and efficient intracellular

transport of newly synthesized molecules, and are mediated by a novel



structural motif involving several glycine residues on the same face of a

transmembrane a -helix. A signal for protein localization to the TGN has

been identified within the cytoplasmic tail of the integral membrane
glycoprotein, TGN38. The TGN localization signal is related to endocytosis

signals, and may mediate binding to receptor-like molecules. Other

proteins localized to the TGN have been found to have similar structural

motifs, suggesting the existence of a general mechanism for TGN
localization in eukaryotic cells.

The third group studying cell biology was just organized this past year

with a promotion of Jennifer Lippincott-Schwartz to an independent

tenure-track position within CBMB. Studies in this group have focused on

what controls the organization and distribution of organelles and transport

intermediates within the endomembrane system of higher eukaryotes.

This has led to an investigation of the characteristics of the membrane

pathways between specific organelles and the role of microtubules and

microtubule-associated proteins in facilitating membrane transport.

Focusing primarily on the ER and Golgi apparatus, which together function

in the generation, maintenance and sorting of membrane components

within the endomembrane system, they have made three major findings:

(1) Delivery of membrane from the ER into the Golgi apparatus in

fibroblast cell lines occurs through distinct transport intermediates which

arise from multiple peripheral exit sites within the ER and then move
toward the centrally located Golgi apparatus in a microtubule-facilitated

process; (2) ER to Golgi transport intermediates exist as tubular-vesicular

structures which are largely devoid of resident ER and Golgi components

but are enriched in the integral membrane protein, p53, the peripheral

"coat" protein, bCOP, and the microtubule plus-end directed motor protein,

kinesin; and (3) The predominant localization of membrane-bound kinesin

on pre-Golgi structures appears to represent a steady-state distribution,

with kinesin constitively cycling within the ER/Golgi system (as has been

previously shown for p53). Based on these observations, they have

proposed that kinesin acts as a plus-end directed motor protein in the

recycling of membrane from the Golgi to the ER and in intra-ER membrane

movements (both of which involve microtubule plus end directed

movements), and that kinesin associated with membrane structures

moving from the ER toward the Golgi complex (i.e., toward the minus ends

of microtubules) has either inhibited or altered motor activity. An in vitro



approach is currently being used to investigate what factors might regulate

kinesin motor activity in the ER/Golgi membrane system.

T Cell Biologv

Two groups within CBMB study the basis for the activation of T

lymphocytes. The T lymphocyte is the central cell of the immune system

and understanding its ability to respond to specific antigen is at the heart

of understanding how this critical system functions. One group, headed by

Richard Klausner, studies the structure, biosynthesis and cell biology of the

T cell antigen receptor. The goals of this group are to identify the

structural components of the T cell antigen receptor complex, to attempt to

understand the structure of that complex and to relate that structure to

how the complex assembles, is transported throughout the endomembrane

system and expressed on the cell surface, and, finally, how it actually

functions to activate the T lymphocyte. This group has used gene

transfection and mutagenesis studies to address and identify the subunit

interactions within the eight-chain receptor complex. These studies have

led to a model for the structure of the T cell receptor. One of the major

themes of this group has been the identification of specific molecular

motifs that are responsible for the assembly, intracellular targeting, and

function of the receptor. Major advances have been in the identification of

these motifs, and particularly in the identification and characterization of

the structural motif responsible for the activation of T cells, and the

demonstration that this motif is a repetitive one that is responsible not

only for T cell activation, but for B cell activation and for the activation of

other cells of the inflammatory system such as the cells responsible for the

allergic response, mast cells and basophils. Finally, this group has

successfully developed a molecular engineering approach to solve the

vexing problem of how to produce large amounts of purified, functional T

cell receptor antigen recognition heterodimers. Accomplishing this task

utilized the information gathered over the past several years in this

laboratory on the structural motifs involved in both assembly and

intracellular targeting. The approach developed appears to be a generally

applicable one and the group has successfully expressed multiple human

and murine T cell receptors. The group is now in the process of producing

milligram quantities of the purified soluble receptor heterodimer for x-ray

crystallography studies in collaboration with Dr. Don Wiley at Harvard



University.

The second group studying the activation of T cell is directed by Lawrence

Samelson. Dr. Samelson's group concentrates on the biochemical basis of T
cell activation. Activation of the multi-component antigen receptor in T
cells (TCR) results in rapid activation of a protein tyrosine kinase pathway.

To fully understand the function of this pathway, the kinase and its

substrates must be characterized. They have previously shown that the

protein tyrosine kinase p60fyn is associated with the TCR. Further

evidence that this kinase is involved in T cell activation is their

observation that it is also associated with the GPI-linked glycoprotein

Thy-1, another molecule involved in T cell activation. Another candidate

for a TCR-protein tyrosine kinase is a 70kD protein that binds to the

activated TCR and becomes tyrosine phosphorylated. Evidence that this

protein binds ATP suggests that it itself is a protein tyrosine kinase that

binds the TCR. One substrate for tyrosine kinases activated by the TCR is

the lOOkD valosin-containing protein (VCP). This protein is the mammalian
homologue of cdc48p, a yeast protein required for progression through the

cell cycle. They have stably expressed this protein in T cells and confirmed

that it is a tyrosine kinase substrate. The protein exists as a hexamer in

the cytosol. Current studies are addressed at determining the function of

this protein with or without tyrosine phosphorylation. Abnormal tyrosine

phosphorylation of substrates has been detected in T cells that are infected

with human immunodeficiency virus (HIV). These phosphorylations can

also be detected in cell lines that express HIV envelope proteins after

engagement of the CD4 molecule. The kinetics of phosphorylation of these

substrates corresponds to syncytia formation. Inhibition of tyrosine

phosphorylation with the tyrosine kinase inhibitor, herbimycin, results in

inhibition of substrate phosphorylation, syncytia formation and cell death.

Gene Regulation: Iron Metabolism and Environmental Stress Responses

The final three projects within CBMB examine a variety of aspects of the

regulated expression of critical cellular genes. Two projects pursue the

long-standing interest, within CBMB, in studying the molecular basis of

iron metabolism. Studies of the critical metabolic pathways that are

essential for all organisms in their handling of this essential but dangerous

metal have provided one of the best described models for a post-



transcriptional gene regulatory circuit in higher eukaryotic cells. One

group, co-directed by Tracey Rouault and Richard Klausner focuses on the

molecular details of the regulation of iron metabolism. This project is

aimed at understanding the molecular basis of intracellular iron

metabolism. The cis and trans elements mediating the iron-dependent

alterations in abundance of ferritin and the transferrin receptor have been

identified and characterized in previous years in this laboratory. Iron-

responsive elements (IREs) are RNA stem-loops found in the 5' end of

ferritin mRNA and the 3' end of transferrin receptor mRNA. They have

cloned, expressed, and characterized an essential iron-sensing protein, the

iron-responsive element binding protein (IRE-BP). The IRE-BP binds IRE's

when iron levels are depleted, resulting in the inhibition of translation of

ferritin mRNA and prolongation of the half-life of the transferrin receptor

mRNA. The IRE-BP is 30% identical in amino acid sequence to aconitase, a

mitochondrial Krebs cycle enzyme. Mitochondrial aconitase has previously

been purified and crystallized and all active site residues are identical in

the two proteins. Three of the active site residues are cysteines that ligate

an iron-sulfur cluster that has the relatively unusual feature of containing

a labile fourth iron. The IRE-BP has aconitase activity, and in vitro

manipulations of iron result in changes in RNA binding. In vivo, reciprocal

regulation of aconitase activity and RNA binding can be seen when the IRE-

BP is over-expressed in a stable cell line. Regulation of RNA binding

activity involves a transition from a [4Fe-4S] that does not bind RNA and is

an active aconitase to a form that loses iron and aconitase activity.

Controlled degradation of the iron-sulfur cluster reveals that the

apoprotein is the physiologically relevant form of the protein in iron-

depleted cells. Thus, the cluster appears to be undergoing constant

disassembly, and reassembly depends on the presence of sufficient iron

pools.

The study of regulated iron uptake in the genetically manipulable simple

eukaryote Saccharomyces cerevisiae has led to the identification of two

molecularly distinct components of the cellular iron uptake system: a

ferric reductase and a ferrous transporter. The two components are

coordinately regulated by cellular iron availability. Continued

characterization of this system is expected to provide an example of a

regulatory circuit with important similarities to the human system.

Identification of new genes involved in iron uptake in yeast may facilitate



the identification of their human homologues.

Another group, directed by Joe Harford, studies the molecular aspects of

the regulation of the human transferrin receptor. This project is aimed at

understanding the molecular mechanism whereby the degradation of a

specific messenger RNA molecule is the target for metabolic regulation.

Post-transcriptional regulation of transferrin receptor mRNA levels by iron

is mediated by a portion of the 3' untranslated region (UTR) of the mRNA.
They have previously shown that a 678 nucleotide fragment of the 3'UTR

contains the regulatory element(s). Within this region are five RNA
structures which resemble the iron responsive element (IRE) in the 5'

untranslated region of the ferritin mRNA, which is regulated

translationally by iron. The IRE's from the ferritin and transferrin receptor

mRNA's compete in an in vitro assay for interaction with a cytoplasmic

protein; the activity of this IRE-binding protein is dependent upon the iron

status of the cells. Thus, despite the differences in the translational

regulation of ferritin and the regulation of TfR mRNA levels, these two

post-transcriptional regulatory mechanisms share a cis-acting RNA
element (IRE) and a trans-acting cytoplasmic protein that interacts with

the two mRNA's. This group is attempting to understand more fully the

mechanism of the regulation of TfR expression.

The final group, headed by Gisela Storz, studies gene regulation in response

to environmental signals. Much of the work of this group has focused on

attempts to understand, at a detailed molecular level, how bacteria

respond to oxidative stress. Oxidative stress is an extremely common
problem faced by all organisms. The ability to take a simple eukaryote, E.

coli, in order to dissect how a cell senses and responds to oxidative stress

has allowed this group to achieve a detailed level of understanding of this

critical process. The group has continued their characterization of the Oxy-

R protein, a DNA binding protein that senses oxydative stress and regulates

a variety of genes. Current work is focused on the identification of the

structural and chemical basis for the ability of this protein to sense

oxidation as well as to attempt to unravel exactly how this protein binds to

the multiple DNA targets of the group of genes contained within the Oxy-R

regulon. Oxy-R is a member of a growing family of regulatory DNA binding

proteins whose mechanism of recognition has not been worked out.

Despite the identification of multiple natural target binding sites, no

8



obvious consensus of what DNA sequence Oxy-R recognizes has emerged.

This, coupled with the unusually large stretch of DNA recognized by this

protein, is providing an interesting and important model. Oxy-R also

controls the expression of a small RNA that is induced when cells are

treated with hydrogen peroxide. Recent work suggests a novel set of

findings that this small RNA (Oxy-S) itself is regulating gene expression.

Finally, this group has initiated studies aimed at understanding how the

plant Arabidopsis perceives light. In particular, the group is identifying

components in the blue light signal transduction pathway by characterizing

Arabidopsis mutants that do not respond to this wavelength of light.
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This group is studying the problem of how organisms sense a change in their

environment and transduce the environmental signal into a change in gene

expression and morphology. The group has continued their characterization of the

OxyR-regulated response to hydrogen peroxide and has begun to elucidate the

nature of the oxidation-reduction active center in the OxyR protein and the nature

of OxyR-DNA recognition. A small non-coding RNA induced by treatment with

hydrogen peroxide was also found to act as a novel regulator to both induce and

repress expression of genes after oxidative stress. The group initiated studies of the

light regulation in Arabidopsis by characterizing existing tt mutants defective in

anthocyanin pigment production in response to light and other types of stress.
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Studies in this group have focused on what controls the organization and distribution of organelles and transport

intermediates within the endomembrane system of higher eucaryotes. This has led to an investigation of the

characteristics of the membrane pathways between specific organelles and the role of microtubules and

microtubule-associated proteins in facilitating membrane transport. Focusing primarily on the ER and Golgi

apparatus, which together function in the generation, maintenance and sorting of membrane components within

the endomembrane system, we have made three major findings: (1) Delivery of membrane from the ER into the

Golgi apparatus in fibroblast cell lines occurs tfxrough distinct transport intermediates which arise from multiple

peripheral exit sites within the ER and then move toward the centrally located Golgi apparatus in a

microtubule-facilitated process; (2) ER to Golgi transport intermediates exist as tubular-vesicular structures which

are largely devoid of resident ER and Golgi components but are enriched in the integral membrane protein, p53,

the {peripheral "coat" protein, bCOP, and the microtubule plus-end directed motor protein, kinesin; and (3) The

predominant localization of membrane-bound kinesin on pre-Golgi structures appears to represent a steady-state

distribution, with kinesin constitively cycling witfiin the ER/Golgi system (as has been previously shown for p53)

.

Based on these observations, we have proposed that kinesin acts as a plus-€nd directed motor protein in the

recycling of membrane from tiie Golgi to the ER and in intra-ER membrane movements (both of which involve

microtubule plus end directed movements), and that kinesin associated with membrane structures moving from

the ER toward tiie Golgi complex (i.e. toward the minus ends of microtubules) has either inhibited or altered motor

acitivity. An in vitro approach is currently being used to investigate what factors might regulate kinesin motor
activity in tfie ER/Golgi membrane system.
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Activation of the multicomponent antigen receptor in T cells (TCR) results in rapid

activation of a protein tyrosine kinase pathv^ay. To fully understand the function of

this pathway, the kinase and its substrates must be characterized. We have

previously shown that the protein tyrosine kinase p60A" is associated with the TCR.

Further evidence that this kinase is involved in T cell activation is our observation

that it is also associated with the GPI-linked glycoprotein Thy-1, another molecule

involved in T cell activation. Another candidate for a TCR-protein tyrosine kinase

is a 70kD protein that binds to the activated TCR and becomes tyrosine

phosphorylated. Evidence that this protein binds ATP suggests that it itself is a

protein tyrosine kinase that binds the TCR. One substrate for tyrosine kinases

activated by the TCR is the lOOkD valosin-containing protein (VCP). This protein is

the mammalian homologue of cdc48p, a yeast protein required for progression

through the cell cycle. We have stably expressed this protein in T cells and

confirmed that it is a tyrosine kinase substrate. The protein exists as a hexamer in

the cytosol. Current studies are addressed at determining the function of this protein

with or without tyrosine phosphorylation. Abnormal tyrosine phosphorylation of

substrates has been detected in T cells that are infected with human
immimodeficiency virus (HIV). These phosphorylations can also be detected in cell

lines that express HTV envelope proteins after engagement of the CD4 molecule.

The kinetics of phosphorylation of these substrates corresponds to syncytia

formation. Inhibition of tyrosine phosphorylation with the tyrosine kinase

inhibitor, herbimycin, results in inhibition of substrate phosphorylation, syncytia

formation and cell death.
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Post-transcriptional regulation of transferrin receptor mRNA levels by iron is

mediated by a portion of the 3' untranslated region (UTR) of the mRNA. We have

previously shown that a 678 nucleotide fragment of the 3'UTR contains the

regulatory element(s). Within this region are five RNA structures which resemble

the iron responsive element (IRE) in the 5' untranslated region of the ferritin

mRNA, which is regulated translationally by iron. The IRE's from the ferritin and

transferrin receptor mRNA's compete in an in vitro assay for interaction with a

cytoplasmic protein; the activity of this IRE-binding protein is dependent upon the

iron status of the cells. Thus, despite the differences in the translational regulation

of ferritin and the regulation of TfR mRNA levels, these two post-transcriptional

regulatory mechanisms share a cis-acting RNA element (IRE) and a trans-acting

cytoplasmic protein that interacts with the two mRNA's. We are attempting to

understand more fully the mechanism of the regulation of TfR expression.
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This project is aimed at understanding the molecular basis of intracellular iron metabolism. The ds and trans

elements mediating the iron-dependent alterations in abundance of ferritin and the transferrin receptor have

been identified and characterized in previous years in this laboratory. Iron-responsive elements (IREs) are RNA
stem-loops found in the 5' end of ferritin mRNA and the 3' end of transferrin receptor mRNA. We have cloned,

expressed, and characterized an essential iron-sensing protein, the iron-responsive element binding protein (IRE-

BP). The IRE-BP binds DRE's when iron levels are depleted, resulting in die inhibition of translation of ferritin

mRNA and prolongation of the half-life of tfie transferrin receptor mRNA. The IRE-BP is 30% identical in amino

acid sequence to aconitase, a mitochondrial Krebs cycle enzyme. Mitochondrial aconitase has previously been

purified and crystallized and all active site residues are identical in the two proteins. Three of the active site

residues are cysteines that ligate an iron-sulfur cluster that has the relatively unusual feature of containing a labile

fourth iron. The IRE-BP has aconitase activity, and in vitro manipulations of iron result in changes in RNA binding.

In vivoy reciprocal regulation of aconitase activity and RNA binding can be seen when the IRE-BP is over-

expressed in a stable cell line. Regulation of RNA binding activity involves a transition from a [4Fe-4S] that does

not bind RNA and is an active aconitase to a form that loses iron and aconitase activity. Controlled degradation of

the iron-sialfur cluster reveals that the apoprotein is the physiologically relevant form of the protein in iron-

depleted cells. Thus, the cluster appears to be imdergoing constant disassembly, and reassembly depends on the

presence of sufficient iron pools.

The study of regulated iron uptake in the genetically manipulable simple eukaryote Saccharomycxs cerevesiae

has led to the identification of two molecularly distinct components of the cellular iron uptake system: a ferric

reductase and a ferrous transporter. The two components are coordinately regulated by cellular iron availability.

Continued characterization of this system is expected to provide an example of a regulatory circuit with important

similarities to the human system. Identification of new genes involved in iron uptake in yeast may facilitate the

identification of their human homologues.
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The goals of this group are to identify the structural components of the T cell antigen receptor

complex, to attempt to understand the structure of that complex and to relate that structure to

how the complex assembles, is transported throughout the endomembrane system and expressed

on the cell surface, and, finally, how it actually functions to activate the T lymphocyte. This

group has used gene transfection and mutagenesis studies to address and identify the subunit

interactions within the eight-chain receptor complex. These studies have led to a model for the

structure of the T cell receptor. One of the major themes of this group has been the identification

of specific molecular motifs that are responsible for the assembly, intracellular targeting, and

function of the receptor. Major advances have been in the identification of these motifs, and

particularly in the identification and characterization of the structural motif responsible for the

activation of T cells, and the demonstration that this motif is a repetitive one that is responsible

not only for T cell activation, but for B cell activation and for the activation of other cells of the

inflammatory system such as the cells responsible for the allergic response, mass cells and

basophils. Finally, this group has successfully developed a molecular engineering approach to

solve the vexing problem of how to produce large amounts of purified, functional T cell receptor

antigen recognition heterodimers. Accomplishing this task utilized the information gathered over

the past several years in this laboratory on the structural motifs involved in both assembly and

intracellular targeting. The approach developed appears to be a generally applicable one and the

group has successfully expressed multiple human and murine T cell receptors. The group is now
in the process of producing milligram quantities of the purified soluble receptor heterodimer for

x-ray crystallography studies in collaboration with Dr. Don Wiley at Harvard University.
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The central vacuolar system of eucaryotic cells is an interlocking membrane system composed of

distinct organelles (including ER, Golgi apparatus, secretory vesicles, secretory granules, plasma

membrane, endosomes and lysosomes) and selective transport pathways. Proper functioning of

this system is vital for regulating surface expression and secretion of proteins. Using the fungal

metabolite brefeldin A (BFA), which dramatically alters both the distribution and flow of

membrane through the central vacuolar system, this group has focused on how organelles maintain

their structure and identity, and bow membrane trafficking between organelles is regulated.

These questions have been approached from three different areas: (1) Understanding the

biochemical basis of BFA action . We have found that BFA appears to affect the Golgi apparatus by

acting on specific membrane targets that regulate the assembly of cytosolic coat proteins onto the

cytoplasmic face of this organelle. Altered interaction of the coats with the organelle leads to

organelle disassembly, tubule formation and mixing of organelle components within a defined

"homotypic" membrane system. The biochemistry of two BFA sensitive coat proteins, PCOP and

ARF are under investigation. (2) Identification of BFA's binding sitefs). We have carried out

studies on the structure and function of BFA using radiolabeled BFA, and through the

identification of drugs and BFA analogues that antagonize and/or alter the effects of BFA within

the cell. (3) Characterization of the distribution and flow of membrane within the vacuolar

system. We have found that BFA causes the various compartments of the vacuolar system to

collapse into new steady states which produce isolated but functioning new organelle units.

Traffic within but not between these units continues in the presence of BFA. In summary, our

studies with BFA provide new insights about the properties of sets of organelle-specific coat

proteins and presents a framework for relating the biochemical regulation of membrane transport

to the structure and maintenance of organelles. We have continued studies on the mechanisms of

retention of proteins within the early organelles of the vacuolar system.
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Studies in this group have focused on what controls the organization and distribution of organelles and transport

intermediates within the endomembrane system of higher eucaryotes. This has led to an investigation^of the

characteristics of the membrane pathways between specific organelles and the role of microtubules and

microtubule-associated proteins in facilitating membrane transport. Focusing primarily on the ER and Golgi

apparatus, which together function in the generation, maintenance and sorting of membrane components within

the endomembrane system, we have made three major findings: (1) Delivery of membrane from the ER into the

Golgi apparatus in fibroblast cell lines occurs tfirough distinct transport intermediates which arise from multiple

peripheral exit sites within the ER and then move toward the centrally located Golgi apparatus in a

microtubule-fadbtated process; (2) ER to Golgi transport intermediates exist as tubular-vesicular structures which

are largely devoid of resident ER and Golgi components but are enriched in the integral membrane protein, p53,

the peripheral "coat" protein, bCOP, and the microtubule plus-end directed motor protein, kinesin; and (3) The

predominant localization of membrane-bound kinesin on pre-Golgi structures appears to represent a steady-state

distribution, with kinesin constitively cycling within the ER/Golgi system (as has been previously shown for p53)

.

Based on these observations, we have proposed that kinesin acts as a plus-end directed motor protein in the

recycling of membrane from the Golgi to tifie ER and in intra-ER membrane movements (botti of which involve

microtubule plus end directed movements), and that kinesin associated with membrane structures moving from

the ER toward tfie Golgi complex (i.e. toward the minus ends of microtubules) has either inhibited or altered motor

acitivity. An in vitro approach is currently being used to investigate what factors might regulate kinesin motor

activity in the ER/Golgi membrane system.
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DEVELOPMENTAL ENDOCRINOLOGY BRANCH

Bruce C. Nisula, M.D., Chief

The Developmental Endocrinology Branch conducts basic and clinical investigations of endocrine

diseases with broad emphasis on adult, pediatric, and reproductive endocrinology. Within each area,

the Branch employs a wide array of biochemical, pharmacological, and physiological approaches with

the aim of promoting knowledge of the molecular mechanisms of endocrine diseases and developing

new diagnostic and therapeutic techniques. Thus, the Branch's investigative programs in

endocrinology employ both clinically oriented basic research and direct patient care research strategies

in order to translate basic biomedical research findings into practical bedside applications. The
Branch studies a wide array of endocrine disorders, emphasizing those affecting the testis, ovary,

adrenal, thyroid, pituitary, and hypothalamus. Specific areas covered by its investigative programs
include the roles of sex steroid hormones, growth hormone, and other growth factors in bone growth;

the regulatory physiology and molecular biology of the glycoprotein hormones and their receptors;

the role of glucocorticoid receptors and CRH in hypothalamic-pituitary-adrenal axis function; the

regulation of endometrial receptivity and decidual function; the mechanisms of ovarian dysfunction

in autoimmune endocrinopathies; the functions of the renin-angiotensin system; the mechanisms and
clinical management of adrenal disorders; and the biological roles of growth factors in metabolism and
organogenesis. The diversity and richness of these investigative interests creates an academic
ambience that is not only conducive to fruitful collaboration and scientific exchange, but also strongly

supportive of training in research.

The Section on Developmental Endocrinology, led by Gordon Cutler, investigates the basic

mechanisms and clinical disorders of growth, puberty, and adrenal function. The objective is to gain

new insights into molecular mechanisms, physiology, and pathophysiology, which can be applied to

the prevention, diagnosis, and treatment of endocrine diseases. The methods employed range from
those of molecular endocrinology to controlled clinical trials. An important focus of the Section is

to use the techniques of molecular endocrinology to identify, and determine the relative importance
of, the growth factors and other substances that regulate epiphyseal growth.

Four major clinical trials are in progress that are designed to evaluate new approaches to the treatment

of short stature. The first tests the hypothesis that prolonging the growth period by delaying puberty
can enhance adult height. The observation that patients with pubertal delay due to isolated

hypogonadotropic hypogonadism are significantly taller than normal subjects provides support for

this hypothesis. The second clinical trial tests the hypothesis that supplemental growth hormone
(GH), with or without low dose ethinyl estradiol, will increase the adult height of girls with Turner
syndrome. Since girls with Turner syndrome average more than 3 SD below the normal mean height,

short stature is the major concern of patients with this disorder. The outcome variables include data

on both safety and efficacy, and will allow an assessment of the risk to benefit ratio of this new
treatment. The third clinical trial tests the hypothesis that supplemental GH will increase the adult

height of children with non-GH-deficient short stature (constitutional, familial, or idiopathic short

stature). The fourth clinical trial tests the hypothesis that recombinant human insulin-like growth
factor- 1 can increase the growth velocity of children with Laron short stature and of idiopathic short

stature. The number of short children in the United States who are potential candidates for treatment
is about 1 ,000,000, which underscores the need for a rigorous assessment of risk-benefit. Thus, the

answers sought by these trials have important clinical, public health, and scientific significance.

Recent laboratory studies of growth have focused on the mechanism by which glucocorticoid excess

causes growth failure. This situation arises clinically not only in the rare cases of childhood Cushing's
syndrome but also in disorders that are treated with glucocorticoids, such as juvenile rheumatoid
arthritis, asthma, and nephrotic syndrome. Initially, these workers asked whether or not growth
failure can be explained solely by local actions of glucocorticoid on the growth cartilage, or whether



systemic actions of glucocorticoid are also required. To answer this question, glucocorticoid was

administered locally by osmotic minipump to one proximal tibial epiphysis. Compared to the vehicle-

treated epiphysis, the glucocorticoid-treated epiphysis suffered an 80% fall in growth rate within one

week, indicating that glucocorticoid-induced growth failure can be explained by local effects of

glucocorticoid on the growth plate. Currently these works are exploring the hypothesis that this local

action of glucocorticoid involves interference with the production of growth factors or their receptors.

A second area of investigation involves the role in epiphyseal growth of basic fibroblast growth factor

(FGF). Infusion of basic FGF caused a marked increase in vascular invasion from the adjacent bone,

with replacement of hypertrophic chondrocytes by bone at the site of infusion. By contrast, infusion

of pentosan polysulfate, which inhibits FGF action, inhibited vascular invasion of the hypertrophic

chondrocytes and blocked their replacement by bone. Taken together, these observations suggest an

important role for FGF in regulating the terminal differentiation of epiphyseal cartilage, its invasion

by blood vessels, and its conversion to bone.

This group has an active interest in the molecular mechanisms of puberty. During the past several

years, they cloned the LHRH gene and determined the structure of its regulatory sequences. Estrogen

regulates the gene both positively (5' flanking sequences only) and negatively (entire gene). The
divergent effects of estrogen in different portions of the gene are presently under investigation. The
positive regulation of the gene by estrogen was localized to an estrogen response element at about 450

base pairs upstream from the major transcription start site. An examination of the regulatory effects

of other steroid, thyroid, and peptide hormones is planned.

A new animal model for hypogonadotropic hypogonadism was developed by inserting the human
LHRH gene promoter, fused to the structural gene for the large tumor (T) antigen of simian virus 40,

into transgenic mice. In these animals, hypogonadism results because T antigen stops the developing

LHRH neurons from leaving the olfactory placode and migrating toward the hypothalamus. Some
of the arrested LHRH neurons bearing the transgene develop into frontal lobe tumors, and cells from
these tumors are now being grown in culture. This LHRH neuronal cell line should provide a

valuable resource with which to explore the factors regulating differentiation, migration, and gene

expression in LHRH neurons.

The differential diagnosis of delayed puberty continues to pose a difficult clinical problem for the

endocrinologist. Currently, no definitive means exist to distinguish the child who has constitutional

delay of puberty, and therefore will enter puberty spontaneously, from the child who has isolated

hypogonadotropic hypogonadism, and will require hormonal treatment to induce puberty. Recent
studies by this group in the prepubertal rhesus monkey have shown that pulsatile administration of

N-methyl-D-aspartate (NMDA) can trigger pulsatile release of LHRH and puberty. This suggests

that it may be feasible to develop a functional test of the integrity of the LHRH neuron based upon
stimulation of the NMDA receptor. To test this concept, the naturally occurring ligands of the

NMDA receptor, aspartate and glutamate, were administered to prepubertal rhesus monkeys whose
gonadotroph cells had been rendered responsive to LHRH through a brief period of pulsatile LHRH
pretreatment. Both aspartate and glutamate induced a brisk response of both LH and FSH at an

intravenous dose of 150 mg/kg. This group is exploring the feasibility of a clinical test of LHRH
neuron function, based upon these observations. The hypothesis is that such a test would reveal

integrity of the LHRH neuron in children with constitutional delay of puberty, and show deficient

LHRH neuron responsiveness in isolated hypogonadotropic hypogonadism.

Research on early puberty has led to recent advances in both pathophysiology and treatment. LH-like
bioactivity was demonstrated in the sera of boys with LHRH-independent familial male precocious

puberty (FMPP), a major advance in our understanding of the pathophysiology of this disorder.

Currently, this group is determining the chemical structure of this LH-like bioactivity. A new
approach to the treatment of FMPP has proven effective in normalizing the rate of growth and bone

maturation and in preventing acne, spontaneous erections, and aggressive behavior. The treatment



combines an antiandrogen (spironolactone) with an inhibitor of androgen-to-estrogen conversion

(testolactone) to block estrogen effects on epiphyseal growth. At present, the long-term effects of

this new treatment are being evaluated, and attempts are being made to improve treatment with more

specific and/or potent antiandrogens and aromatase inhibitors, and to treat secondary central

precocious puberty, when it complicates FMPP, with an LHRH analog as well.

Accelerated growth in FMPP is caused by elevated secretion of androgen, which is the same

mechanism that causes accelerated growth and early epiphyseal fusion in congenital adrenal

hyperplasia (CAH). Thus, these workers have begun a new trial to test whether the combination of

antiandrogen (flutamide) and an inhibitor of androgen-to-estrogen conversion (testolactone) would

be effective in CAH. Other ongoing studies of congenital adrenal hyperplasia are comparing the

effectiveness of different hydrocortisone dose schedules and supplemental salt administration, which

is hypothesized to decrease the intensity and variability of the hypovolemic stimulus to ACTH.

Laboratory studies in mice with CAH due to 21 -hydroxylase deficiency are testing the hypothesis of

an increased number of hypothalamic CRH neurons due to decreased glucocorticoid negative

feedback in utero. This hypothesis would help explain the clinical observation of apparent resistance

to hypothalamic suppression by glucocorticoid in CAH. A second initiative is attempting to correct

CAH in 21-hydroxylase-deficient mice through adrenal transplantation or gene therapy.

Whether precocious puberty is LHRH-dependent or LHRH-independent (as in FMPP, McCune-
Albright syndrome, and congenital adrenal hyperplasia) is an important question in differential

diagnosis. Despite major advances in methods for the differential diagnosis of precocious puberty,

some cases remain undiagnosed despite intensive investigation. Recently, long-term study of 2 such

girls revealed cyclic changes in ovarian size and plasma estradiol levels typical of girls with McCune-
Albright syndrome, despite the absence of the skin or bone lesions required for this diagnosis. The

younger patient responded to treatment with aromatase inhibitor. These observations indicate that

ovarian pathophysiology that is apparently identical to that of McCune-Albright syndrome can exist

in the absence of either of the other features of the syndrome. Since McCune-Albright syndrome has

been shown to result from mosaicism for a somatic mutation, it would appear that in these girls this

mutation may have been expressed in the ovaries but not in the bones or skin.

The inferior petrosal sinus sampling (IPSS) procedure, previously shown in a pilot study to be highly

effective in distinguishing between Cushing's disease and ectopic ACTH secretion, has now been

rigorously evaluated in a series of over 240 surgically confirmed cases. Among these surgically

proven cases, IPSS alone achieved 96.1% accuracy in distinguishing Cushing's disease from ectopic

ACTH secretion, whereas IPSS with CRH stimulation was 100% accurate. This accuracy may decline

somewhat as additional data become available from about 30 patients who do not currently have a

proven diagnosis and thus cannot be included in the analysis. Based upon the most probable diagnosis

in these patients (from the outcome of dexamethasone, metyrapone, and oCRH tests), however, it

appears that IPSS with CRH administration is considerably more effective than any previous test in

distinguishing Cushing's disease from ectopic ACTH secretion.

Lastly, a newly recognized ACTH-independent, primary adrenal cause of Cushing's syndrome, termed

massive macronodular adrenal disease (MMAD), has been described. The essential features of

MMAD are massively enlarged nodular adrenal glands bilaterally and suppression of plasma ACTH
levels. Treatment consists of bilateral adrenalectomy. MMAD must be distinguished from Cushing's

disease with macronodular adrenal hyperplasia (MAH), which is treated by transsphenoidal surgery.

Taken together, the work of the previous year has contributed significantly to improving the accuracy

of diagnosis and the effectiveness of treatment of Cushing's syndrome, a potentially fatal endocrine

disorder, which often strikes children or young adults.

The Section on Pediatric Endocrinology, headed by George Chrousos, investigates the hypothalamic-

pituitary-adrenal (HPA) axis from physiological and pathophysiological perspectives. During the past



year, the antiglucocorticoid compound RU 486 and the recently discovered corticotropin-releasing

hormone (CRH) were used to elucidate important functional characteristics of the HPA axis under

various physiological conditions, such as physical and emotional stress, and in major endocrine

diseases, psychiatric disorders and autoimmune states.

Hypothalamic CRH and the glucocorticoid receptor are the main regulators of the HPA axis. Dr.

Chrousos and his colleagues have pioneered the application of CRH to the differential diagnosis of

major endocrine diseases and to elucidating pathophysiological mechanisms in major endocrine and

psychiatric disorders, and have explored its role in response to physical and emotional stress. Studies

of the regulation of hypothalamic CRH secretion, using both in vivo and in vitro models have yielded

new insights. Recently, these workers demonstrated that the hypothalamic CRH neuron is under the

stimulatory influence of serotonergic, cholinergic, norepinephrinergic, dopaminergic, epinephrinergic

and histaminergic neurons, and under the inhibitory influence of the GABA/benzodiazepine and
opioid peptide systems. The CRH neuron appears also to be regulated by a series of negative

feedback loops: a CRH-mediated (ultrashort) loop, an ACTH- and /9-endorphin-mediated (short) loop

and a glucocorticoid-mediated (long) loop. The fact that norepinephrine stimulates CRH secretion

has settled a long-standing controversy; moreover, this finding not only suggests a mechanism for the

concordance in the activation of the sympathetic nervous system and the HPA axis during stress, but

also provides a firm rationale for the mechanism of action of many antidepressant and anxiolytic

medications.

In an effort to understand the regulation of CRH synthesis and secretion, this group cloned and
sequenced the 5' regulatory region of the hCRH gene. Their main findings are summarized as

follows: 1) The proximal -1 kb segment 5' flanking the hCRH gene is highly conserved among the

human, rat and ovine genes. 2) There is a second distal promoter-like structure (TATA box II),

which has a weak promoter activity, independent of TATA I. TATA II directs the synthesis of the

second largest pool of CRH transcripts, which differs from the TATA I-driven transcripts in terms

of stability and translatability. 3) There are antithetical effects of dexamethasone on TPA- and
forskolin- stimulated transcription of a hCRH promoter-driven CAT construct in the presence (3.1

fold stimulation) or absence (2.6 fold inhibition) of a cotransfected glucocorticoid receptor (GR)
expression plasmid. This is reminiscent of the antithetical effects of glucocorticoids on hCRH
expression in the hypothalamus and placenta. 4) In the sequence of 3625 bp 5' flanking the hCRH
gene, a type O repetitive element at position -2213 and a partial Alul repetitive element at position -

2835 are present. Computer search for the presence of consensus regulatory elements revealed a

cyclic AMP responsive element, 8 perfect API sites, 5 perfect half palindromic estrogen responsive

elements (EREs) and absence of any discernible consensus for the glucocorticoid response element.

5) Two overlapping segments, the proximal -0.9 kb (containing 1 pair of perfect half palindromic

EREs) and the -2.4 kb (including the former and containing an additional pair of perfect half

palindromic EREs) of the 5' flanking region of the hCRH gene, conferred estrogen-mediated

transcriptional enhancement to a homologous or heterologous promoter. This may have important

physiological implications and may constitute the basis of sexual dimorphism in the expression of the

CRH gene in the CNS and the periphery, pertaining to the existing gender differences in the stress

response and immune regulation.

Analysis of the interaction between the immune system and the HPA axis also yielded novel findings.

Several cytokines, including interleukin 1, interleukin 6, and tumor necrosis factor-a (TNF-a), as

well as several lipid mediators of inflammation, including platelet activating factor and several

eicosanoids, cause profound stimulation of the HPA axis, primarily by activation of the CRH neuron.

Thus, it appears that the CRH neuron is a link between the immune and central nervous systems, by
which cytokines/lipids stimulate CRH-mediated glucocorticoid-induced negative feedback of the

inflammatory/immune response. Disturbance in the balance between the immune system and the

HPA axis can lead to severe disease. A particular strain of rats, the Lewis rat, is highly susceptible

to severe inflammatory disease when injected with streptococcal cell wall peptidoglycan

polysaccharide and a variety of other agents. In contrast, the histocompatible Fischer (F344/N) rat



is relatively resistant to inflammatory disease when exposed to the same stimuli. This group

demonstrated that the HPA axis of LEW/N rats responds subnormally to streptococcal cell wall

compared to that of F344/N rats and that this, in fact, is part of a global impairment in hypothalamic

CRH neuron function polysaccharide in this strain. Thus, several stimulatory neurotransmitters

and/or inflammatory cytokines fail to properly stimulate the CRH neuron of these animals in vivo

and/or in vitro . The resultant subnormal secretion of glucocorticoids and inadequate suppression of

the inflammatory response by these hormones were, hence, suggested as a pathogenetic factor in the

propensity of LEW/N rats to develop severe inflammatory disease. The results of the experiments

in the Lewis rat have an important bearing on this neuronal link between the immune system and the

HPA axis. They suggest a novel mechanism for the pathogenesis of autoimmune disease, and this

concept is being tested currently in patients with rheumatoid arthritis and other autoimmune states.

CRH gene regulation is also being examined in Lewis and Fischer rats by Dr. Chrousos' group in an

attempt to identify a down-mutation or a defective transcription factor in the Lewis rat.

The ovary is a potential site of CRH production and action, because two of its key functions,

ovulation and luteolysis, are reminiscent of an aseptic inflammatory response. This group evaluated

the role of CRH in the ovary by first examining the ovaries of adult cycling female Harlan-Sprague

Dawley rats by immunohistochemistry for the presence of immunoreactive CRH (irCRH) at the

various phases of the estrous cycle. They detected CRH in the cytoplasm of theca and stroma cells

and in a subpopulation of cells within the corpora lutea, at all phases of the estrous cycle, and also

measured high irCRH concentrations in extracts of rat ovaries by a specific radioimmunoassay.

Additional studies with human ovaries, also demonstrated the presence of irCRH in theca and stroma

cells. In further support of a regulatory role of CRH in the endocrine or reproductive functions of

the ovary, CRH receptors were localized and characterized in the rat ovary. Binding was linear with

increasing tissue concentration, saturable, and of high affinity. Scatchard analysis of -^^^I-Tyr^-oCRH

competitive displacement curves indicated a high affinity binding site with an apparent dissociation

constant of approximately 6 nM and a B^^^ value approximately 3X10--^^M. Auto-radiographic

studies indicated that CRH binding sites were located primarily in ovarian theca and stroma and were

quite prominent in areas surrounding follicles. These findings suggest that CRH may play an

auto/paracrine, regulatory role, perhaps related to its proinflammatory properties, in one or more of

the various inflammatory processes of the ovary, such as ovulation, follicular atresia, and/or

luteolysis. It is intriguing to consider potential pathophysiologic involvement of CRH in states of

ovarian dysfunction. Indeed, abnormally high secretion of CRH was demonstrated in ovaries from

women with the polycystic ovarian syndrome.

Glucocorticoids act upon their target tissues by modulating gene expression. This is achieved by the

interaction of a glucocorticoid-glucocorticoid receptor complex with specific sites in the nucleus

(hormone responsive elements), which regulate the expression of genes encoding function-specific

proteins. These workers studied several kindreds with glucocorticoid resistance. These patients

present with hypertension and hypokalemic alkalosis and/or hyperandrogenism, without Cushing's

syndrome stigmata or adrenal insufficiency. In an attempt to understand fundamental principles of

glucocorticoid action and the molecular mechanisms of hormone resistance, they obtained permanent
cell lines from these patients. The glucocorticoid receptors were cloned, sequenced and subjected to

in vitro mutagenesis. In affected members of a large kindred, a single amino acid substitution (Asp -

-> Val) in the steroid binding domain of the glucocorticoid receptor was found. In vitro mutagenesis

proved the functional significance of the identified mutation in this family and clarified the genetic

transmission of this disease as autosomal co-dominant, with severe clinical presentation in

homozygous and biochemical-only presentation in heterozygous individuals. Dr. Chrousos' group also

examined the molecular mechanisms of glucocorticoid resistance in another kindred, whose affected

members had approximately half of normal glucocorticoid receptors, and whose proband was a young
woman with manifestations of hyperandrogenism. Using the polymerase chain reaction and DNA
from affected members, this group amplified and sequenced each of the nine exons of the

glucocorticoid receptor gene, along with their 5'- and 3'-flanking regions. They discovered a 4-base

deletion at the 3'-boundary of exon 6 in one glucocorticoid receptor allele, which removed a donor



splice site in all affected members. By sequencing of amplified cDNA, only the mRNA transcripts

of the undeleted allele were detected in these patients, which explains the 50 percent reduction in

glucocorticoid receptor concentrations, and is associated with autosomal dominant transmission. Thus,

different mutations were found associated with the syndrome of glucocorticoid resistance, causing

different clinical phenotypes and associated with different modes of genetic trnasmission. These

studies unravelled not only basic information on the functional properties of the glucocorticoid

receptor, but also suggested that partial, tissue-specific glucocorticoid resistance may be involved in

the pathophysiology of human disease, with widely varying and common manifestations, such as

affective disorders and autoimmune states.

The Gynecologic Research Section, with Bruce Nisula as its acting head, is comprised of two units--

The Unit on Reproductive Endocrinology and the Unit on Reproductive Medicine. Both clinically

oriented basic research and direct patient care research are conducted on endocrinological aspects of

a variety of women's health issues, including infertility, premature ovarian failure, menstrual cycle

disorders, and immune mechanisms of ovarian dysfunction.

To develop clinical diagnostic and therapeutic applications for women with ovulatory disorders, the

Unit on Reproductive Endocrinology, led by Lawrence Nelson, studies the physiology and

pathophysiology of ovarian follicle development and function. During the current year the group has

focused on premature ovarian failure, a condition which prematurely terminates fertility in 1% of

women. The group has particular interest in autoimmune-mediated ovarian failure.

Using flow cytometry, this group has demonstrated that patients with premature ovarian failure as

a group have increased T lymphocyte activation. This finding supports autoimmunity as an important

factor in the pathogenesis of premature ovarian failure, and has encouraged expanded effort in this

area. However, flow cytometry is a complex and expensive method, and gives information regarding

generalized immune activation rather than ovary-specific autoimmune activity. Therefore, Dr.

Nelson and his colleagues are seeking a more specific and less complex method for clinicians to detect

autoimmune ovarian failure. Efforts using ovarian specific proteins and employing techniques such

as immunohistochemistry, immunoprecipitation and competitive binding are in progress.

During the current year, this group completed a prospective controlled trial evaluating gonadotropin

suppression as a treatment for premature ovarian failure. It is clear that some patients with

spontaneous premature ovarian failure retain potentially functional primordial follicles and may
occasionally experience a return of normal menstrual cycles and even pregnancy. Ovarian biopsy in

some patients with ovarian failure demonstrates a selective autoimmune attack against growing

follicles that spares the inactive primordial follicles. This selectivity led the group to raise the

possibility that the target antigens on the ovarian follicles are gonadotropin-dependent. If target

antigens in this disorder are indeed gonadotropin dependent, gonadotropin suppression might reduce

the antigenic load and thereby induce remission. The group tested this hypothesis by a prospective,

double-blind, placebo-controlled, crossover trial. There were two intervention phases lasting 4

months each: one placebo phase, and one treatment phase during which each patient received daily

subcutaneous injections of 300 ug of a gonadotropin-releasing hormone agonist. During both phases,

patients took estrogen replacement therapy. Twenty-six patients with premature ovarian failure

participated in the trial. The group found that gonadotropin suppression with the agonist did not

significantly enhance recovery of ovarian follicle function or the chance of ovulation. Significantly,

however, the group demonstrated that nearly 50% of women with this disorder had intermittent

ovarian follicle function as determined by serial serum estradiol measurements, and nearly 20% of

these women ovulated as determined by serial serum progesterone measurements. These encouraging

findings have prompted evaluation of other possible treatments. Furthermore, these findings stress

the need for proper controlled evaluation of treatments for this condition, and stress the fallacy of

incorporating treatments into clinical practice based on anecdotal reports of success.

This group also conducts basic immunological research employing a mouse model of autoimmune



ovarian failure. Neonatal thymectomy induces autoimmune ovarian failure in 90% of A/J and B6A
mice. The thymus plays an essential role in the development of the immune system. Not only does

the thymus direct the immune system to develop a defense against foreign invaders, but it also directs

the immune system to establish self-tolerance. Neonatal thymectomy induces a failure of self-

tolerance. A major goal of this group is to determine how neonatal thymectomy leads to

autoimmunity. The neonatally thymectomized mouse is an appealing model of autoimmune endocrine

failure. The process develops without exposure to an exogenously administered antigen, and is

therefore a pure model of failed self-tolerance. Furthermore, in addition to the ovary, neonatal

thymectomy induces organ specific autoimmunity in the thyroid, parietal cells of the stomach, and

occasionally in the adrenal (a spectrum quite similar to that seen with organ specific autoimmunity

in humans).

This group has shown that neonatal thymectomy perturbs the normal process of clonal deletion of

autoreactive T lymphocytes. T lymphocytes develop from hematopoietic stem cells which migrate to

the thymus and undergo an orderly differentiation. This differentiation includes rearrangement and

expression of genes that encode the T lymphocyte receptor variable and constant regions. T
lymphocytes undergo a process of selection during their development which prevents export of certain

autoreactive T lymphocytes from the thymus. Mice expressing the major histocompatibility complex
(MHC) molecule I-E delete those T lymphocytes from their repertoire which use the T lymphocyte

receptor segment V/81 1 (allele 1 1 for the variable region of the /9 chain of the T lymphocyte receptor).

If such potentially self-reactive T lymphocytes persist in the periphery, this would suggest a causative

link between exported self-reactive T lymphocytes and the autoimmune phenomenon observed after

neonatal thymectomy. The group has demonstrated that neonatal thymectomy does indeed lead to a

persistence of a low but significant number of potentially self-reactive T lymphocytes in the

repertoire. Moreover, these investigators went on to demonstrate that the presence of these

potentially self-reactive lymphocytes does not correlate with the autoimmunity induced by
thymectomy. Also, the group has demonstrated that these potentially self-reactive T lymphocytes are

made tolerant by a secondary mechanism. Thus, neonatal thymectomy can induce failure of clonal

deletion, but a secondary specific mechanism of tolerance is induced to certain critical antigens such

as IE. This secondary mechanism of tolerance must be defective with respect to ovarian antigens.

During the current year, to identify ovarian antigens involved in the pathogenesis of this mouse
model, the group is characterizing the time course and histologic location of the autoimmune
lymphocytic oophoritis that develops in this model. This is done with immunohistochemistry
employing a monoclonal antibody directed against an epitope (CD45) found specifically on mouse
lymphocytes. In the end stage of this process ovaries are reduced to fibrous bands with no remaining

oocytes or follicles. These mice also develop antibodies to the zona pellucida and against oocyte

cytoplasm. The presence of these antibodies raises the possibility that the oocyte or the zona pellucida

may contain the inciting pathogenic antigen. Interestingly, however, the initial stages of the

lymphocytic infiltration localize to the thecal and stromal components in the ovary, and seem to spare

the structures within the follicle basement membrane. These findings suggest that the antibodies

against the zona pellucida and ooplasm may be only secondary markers of the disease rather than the

antigens involved in pathogenesis. This laboratory is continuing its effort to characterize the inciting

antigen in this model of lymphocytic autoimmune oophoritis.

The group led by James Segars is investigating the molecular mechanisms of estrogen mediated
responses whith specific focus upon the role of retinoid X receptors (RXRs) in regulation of estrogen

responsive genes. The RXRs are a newly described class of receptors belonging to the steroid/thyroid

hormone superfamily of nuclear hormone receptors. There is a great deal of excitement about the

RXRs since they have been found to interact with other nuclear hormone receptor superfamily

members (e.g., thyroid receptor, retinoic acid receptor, and vitamin D receptor) and to modulate a

number of hormone responsive genes by interacting with multiple hormone responsive elements. Due
to their interaction with many members of receptor superfamily, RXRs undoubtedly play a central

modulatory role in hormone mediated cellular events, and thus are fundamental to an understanding

of many gynecologic processes.



Previous work has indicated that RXR;9 interacts with estrogen responsive elements. Indeed, over

expression of RXR^ in the human breast cancer cell line, MCF-7, leads to inhibition of estrogen

responsive genes. Moreover, this group has also shown that RXR is capable of inhibiting of estrogen

receptor function through yet another pathway which appears to involve a unique protein present in

MCF-7 cells. Current studies are directed at elucidating and characterizing the co-regulatory proteins

which interact with RXRs to influence the estrogen response. In addition to studies of basic hormone

processes, this goup conducts clinical investigations aimed at determining the possible role of RXR
in common gynecologic problems such as breast cancer and endometriosis.

The Unit on Reproductive Medicine, directed by Lynnette Nieman, investigates the biochemical and

physiological mechanisms of the reproductive cycle and pregnancy in women, and the

pathophysiology of infertility. Clinical studies are directed to the physiologic mechanisms underlying

endometrial development, implantation, infertility and recurrent abortion. The evaluation of new
diagnostic techniques for infertility is a major goal, as is the development of new therapeutic

approaches to suppress or enhance fertility. Animal and basic research involves study of the

regulation of synthesis and secretion of a variety of progesterone-dependent endometrial products,

and the morphologic effects of sex steroids on the endometrium.

A principle area of interest during the past year has been the role of progesterone in normal

endometrial development and implantation. Progesterone is required for the development of a

functional secretory endometrium. Abnormal endometrial development, whether because of

inadequate progesterone secretion or an inadequate endometrial response, may underlie infertility or

multiple abortions. However, the inter-relationships between progesterone secretion, morphologic

endometrial development and endometrial function remain largely unknown.

The ability of the progesterone antagonist RU 486 to impede normal endometrial maturation was

evaluated in women not at risk for pregnancy. A progesterone-dependent endometrial product,

placental protein 14 (PP 14) can be detected in serum and was used as a marker of endometrial

function. A significant delay of endometrial maturation was caused by RU 486 in very small daily

amounts, 1 mg/d, or 1/600 of the currently recommended dose for gestational interruption. While

the integrated secretion of progesterone and estradiol was similar in women receiving RU 486 and

placebo, integrated PP 14 secretion was decreased significantly by RU 486 administration. These

findings suggest that RU 486, given in small daily doses, may inhibit endometrial development and

function without affecting other reproductive processes, and thus function as a novel contraceptive

agent in women. Previous studies from this group showed that daily antiprogestin administration

prevented pregnancy in sexually active, normally cycling guinea pigs. A similar strategy using a daily

antinidatory dose of an antiprogestin may offer a novel approach to human fertility control.

Studies during the past year evaluated the usefulness of luteal phase measurements of serum PP 14

and progesterone concentrations for the prediction of normal endometrial development. These

parameters have been suggested as possible non-invasive markers of endometrial competence that

might predict fecundity. The development of the endometrium did not correlate well with any

measure of serum PP 14 or progesterone, suggesting that these measures will not be useful predictors

in normally cycling women. Additional studies in infertile women are expected to uncover a closer

relationship between endometrial development and serum concentrations of PP 14 and progesterone

in this subgroup of patients.

This group also investigates the effect of nutrition on the function of the GnRH neuron, which

controls reproductive function and cyclicity in women. Preliminary studies in a GnRH-secreting

neuronal cell line reveal that insulin-like growth factor (IGF) I modulates the growth and function

of these neurons, particularly in states of nutritional depletion. Companion clinical studies done in

women fasted for three days in the mid-follicular phase did not reveal major changes in LH pulse

patterns (and by inference, the GnRH pulse generator), but did demonstrate reversible inhibition of

follicular development. Ongoing studies are directed to understand better the role of acute nutritional



deprivation, with reduced calorie diets or complete fasting, in women at various times in the

menstrual cycle, and to elucidate the mechanism(s) by which IGF influences the function of GnRH-
secreting neurons.

The Section on Endocrine Physiology, directed by Greti Aguilera, investigates physiological and

pathological aspects of circulatory homeostasis and neuroendocrine regulation, with emphasis on the

mechanism of adaptation to stress. This program also investigates the role of the renin-angiotensin

system in regulating mineralocorticoid secretion and blood pressure and the effects of angiotensin II

(All) in other endocrine and non-endocrine systems. A major purpose of this program is to analyze

the multiple effects of All on circulatory homeostasis, cellular growth, fetal development and control

of pituitary and gonadal function.

Modulation of the adrenal sensitivity to All during changes in sodium balance play a major role in

the physiological control of mineralocorticoid secretion and circulatory homeostasis. Alterations in

ability of the adrenal glomerulosa cell to modulate the sensitivity to the peptide may be critical in the

pathogenesis and clinical management of certain types of hypertension involving abnormal

mineralocorticoid secretion. A major objective of the research by this group is to elucidate the

mechanism of regulation of the responsiveness of the adrenal glomerulosa to angiotensin II. Previous

studies by this group have indicated that the steroidogenic effects of All can be modified by a

number of factors, such as somatostatin, dopamine, ANP and serotonin. These studies are being

extended to elucidate the cellular mechanisms involved in the modulation of the adrenal

responsiveness to All by these factors and their relative importance in the physiological regulation

of aldosterone secretion.

The use of novel, orally active All receptor subtype specific antagonists have made possible the

identification and characterization of two All receptor subtypes, AT^, linked to calcium phospholipid

dependent signaling systems and responsible of most of the known actions of All, and ATg, which

is of yet unknown function. Studies by this group have shown that the steroidogenic actions of All

are mediated by ATj. Research during the past year was focused on the involvement of All receptor

subtypes on the regulation of the adrenal sensitivity to the AIL These studies revealed that 7-day old

rats present reduced plasma aldosterone responses to exogenous All administration. Since research

from this group has shown that more than 40% of the adrenal glomerulosa All receptors in neonatal

rats are ATj, they explored the possibility that differential regulation of All receptor subtypes

contributes to the regulation of the adrenal sensitivity to All. However, studies in isolated adrenal

glomerulosa cells from 7-day old rats showed that All-stimulated aldosterone production was

completely unaffected by ATj receptor blockade, but inhibited by the AT^ receptor antagonist. On
the other hand, ATj receptors were also increased in adrenal glomerulosa cells of sodium restricted,

condition in which the adrenal sensitivity to All is increased. These studies show that ATg receptors

are not involved in the regulation of adrenal sensitivity to All, but more likely they have a role in

adrenal growth. The effects of All on cell growth and the expression of growth factors and
constitutional proteins in the cell are currently under investigation.

A novel finding was that in contrast to the adult, in which adrenal glomerulosa function depends on
All and little on ACTH, in neonatal rats aldosterone secretion is markedly suppressed by
dexamethasone administration. This group is investigating the mechanisms underlying this

developmental change in adrenal regulation.

Work is in progress to define the structure and function of the brain All receptor. Polymerase chain

reaction (PCR) techniques were employed to obtain specific cDNA probes for the brain All receptor.

Restriction analysis of the PCR products show heterogeneity in the sequence of brain and peripheral

All receptors. Using in situ hybridization techniques, these investigators have shown the presence of

All receptor mRNA in the circumventricular organs, paraventricular nucleus and other brain areas

known to contain All receptors. Studies are designed to elucidate the structure and regulation of the

expression of the brain All receptor.



Dr. Aguilera and her colleagues have made important contributions to the understanding of the

mechanism of regulation of the hypothalamic pituitary adrenal axis. A major regulator of the axis is

the peptide corticotropin releasing hormone (CRH). Previous studies from this group have lead to the

characterization of CRH receptors in the pituitary, brain and other tissues and the mechanism by
which the peptide activates pituitary ACTH secretion. Current studies are directed to elucidate the

relative role of CRH, CRH receptor changes, glucocorticoids and other hypothalamic regulators in

the mechanism of adaptation to stress.

In three different chronic stress paradigms, (prolonged immobilization, chronic intermittent

immobilization and cold), plasma ACTH responses were transient, but the pituitary responsiveness

to a novel stress was enhanced. There was no correlation between changes in pituitary CRH receptor

content and POMC mRNA expression or ACTH responses to a novel stimulus. An important

observation was that increased ACTH responses to novel stimulation, occurred despite the presence

of persistently high plasma corticosterone, suggesting that the negative feedback of glucocorticoids

is altered during chronic stress. Studies during the past year show that chronic stress results in

differential changes in glucocorticoid receptor content in the pituitary and brain areas, but

glucocorticoid receptor changes do not account for the changes in responsiveness of the HPA axis.

Studies in isolated pituitary cells from chronically stressed rats suggest that altered glucocorticoid

feedback during chronic stress is due to functional changes which modify the interaction of the

receptor with the regulatory element in the POMC gene. Current research is aimed at elucidating the

molecular mechanisms involved in the regulation of the interaction between the glucocorticoid

receptor and the POMC gene during stress.

Work during the last year has made an important advance in our understanding of the role of the two

hypothalamic vasopressinergic pathways, the magnocellular and the parvicellular systems, in the

control of ACTH secretion during stress. VP regulates ACTH secretion mainly by potentiating the

stimulatory effect of CRH. The contribution of VP of magnocellular origin in the control of pituitary

function has been controversial. This group showed that chronic stress paradigms leading to

hyperresponsiveness of the corticotroph to a novel stimulus are associated with marked increases in

VP synthesis and release in the parvicellular system. On the other hand, chronic osmotic stimulation,

which is associated to marked stimulation of the magnocellular system, causes inhibition rather than

stimulation of the pituitary ACTH responses to acute stress. These demonstrate that the parvicellular,

but not the magnocellular vasopressinergic system plays an important role in the sensitization of the

pituitary corticotroph during chronic stress.

A controversial issue is the role of the catecholamines in the regulation of hypothalamic CRH release.

Research by this group unequivocally demonstrated that alpha- 1 -adrenergic receptor activation

stimulates CRH release from the median eminence, and that there is an important alpha- 1 adrenergic

component in the release of hypothalamic CRH during acute and chronic stress. These studies will

be extended to investigation of the role of other catecholamines and neurotransmitters on the release

and synthesis of hypothalamic CRH and VP.

The Medical Endocrinology Section, headed by Bruce Nisula, investigates the glycoprotein hormones,

human chorionic gonadotropin (hCG), follicle-stimulating hormone (FSH), luteinizing hormone (LH),

and thyroid-stimulating hormone (TSH). The group employs clinical, biochemical, and molecular

biological methodologies to understand the structure-function relationships of the human glycoprotein

hormone family and their isoforms, and to develop applications to diseases involving glycoprotein

hormones. During the past year, investigators in this Section have conducted research on a number
of topics including the functional significance of specific glycosylation sites in TSH and FSH , the

development of an in vitro human gonadotropin secreting cell line, and the structure and function of

the free a molecule of pregnancy.

The glycoprotein hormones are a family of related hormones, including LH, TSH, CG, and FSH,
composed of a common a-subunit and a /?-subunit conferring biologic specificity. This group's aim



is to identify domains on the ^-subunits that are important in the biologic properties of the

glycoprotein hormones. These researchers have used recombinant technology to identify structural

domains on the glycoprotein hormones that play critical roles in their biologic properties. Three

domains on the /3-subunit of TSH were investigated as follows: 1) The tri-peptide site of

oligosaccharide attachment; 2) The four highly conserved amino acid sequence purported to be a site

of subunit interaction; and 3) The six amino acid carboxyterminus reported to be missing from the

native hormone in some peptide sequencing studies. They used site-directed mutagenesis to alter

these sites and determined the impact of these mutations on hormone synthesis and secretion.

Mutations of the sole glycosylation site on ^TSH dramatically decreased hormone secretion, whether

or not oligosaccharide attachment was prevented. Thus, both the oligosaccharide and the amino acids

at this site play a role in hormone synthesis and/or release. Mutations in the purported site of TSH
subunit interaction eliminated hormone secretion, but did not result in intracellular accumulation of

uncombined subunits. Thus, inhibition of subunit combination leads to rapid intracellular subunit

degradation and/or inefficient subunit synthesis. The TSH carboxyterminal truncation increased

hormone secretion, indicating that mutagenesis alone is not deleterious to hormone production, and

suggesting that the absence of the TSH carboxyterminus may actually enhance hormone synthesis

and/or release.

These workers investigated three /5FSH domains: 1) The first glycosylation site at asparagine 7; 2)

The second glycosylation site at asparagine 24; and 3) Threonine 26 required for oligosaccharide

attachment, flanking the purported site of subunit interaction. Previous studies had indicated that,

in general, the oligosaccharide side chains are critical for FSH signal transduction, and, the

popularized theory ascribes the oligosaccharide role not to their impact on polypeptide chain

conformation, but rather to the hydrophilic nature of the oligosaccharides themselves. Earlier studies

using chemical and enzymatic deglycosylation could not remove specific oligosaccharides without

affecting the entire FSH molecule. To determine the specific role of the individual /?FSH

oligosaccharides on the function of the intact hormone, therefore, they used site-directed mutagenesis

of the p subunit cDNA to selectively inhibit glycosylation at one or both sites on ^FSH. As predicted,

prevention of oligosaccharide attachment at either, or both, glycosylation site significantly increased

the binding affinity of FSH for the FSH receptor in rat testis. Previous studies had indicated that

removal of all oligosaccharides may enhance binding affinity, but this is the first demonstration of

increased affinity occurring with the absence of only one oligosaccharide on the p subunit. The
steroidogenic activity of FSH lacking the oligosaccharide at the first position (/?Gln7) was reduced to

50% of that of wild-type hormone, while the activity of FSH lacking carbohydrate at the second

position (/?Gln24) was not different from wild-type. Thus, the oligosaccharide at the first position

plays a role in signal transduction, while the oligosaccharide at the second position has no detectable

role; this constitutes an important new insight into the structure-function properties of FSH. The
steroidogenic activity of FSH lacking both /9 subunit oligosaccharides (^Gln7-24) was significantly

reduced from wild-type hormone, but was not different from FSH lacking only the first

oligosaccharide, confirming the fact that the second oligosaccharide has no detectable role in signal

transduction.

A highly conserved five amino acid sequence of the glycoprotein hormone ^ subunits has been
identified by previous studies as a probable site interaction between the two hormone subunits. This

amino acid sequence, Cys-Arg-Gly-Tyr-Cys, or "CACY" region, is located at amino acids 28 and 32

of the FSH p subunit, adjacent to the second glycosylation site. Steroidogenic activity was
significantly decreased by amino acid substitutions at threonine 26, whether that substitution was
serine, which preserves glycosylation, or tyrosine, which inhibits glycosylation. In contrast, specific

amino acid substitution of amino acid 26 had dramatically different effects on receptor binding.

Substitution of tyrosine, a bulky, polar amino acid, for threonine decreased receptor binding four-

fold, while substitution of serine, a small polar amino acid lacking a methyl group extension,

increased receptor binding affinity four-fold. Moreover, these differences in binding affinity were

unrelated to the presence or absence of the oligosaccharide at the second glycosylation position.

Importantly, the protein conformation of FSH with the tyrosine substitution was clearly different



from both wild-type FSH and FSH with the serine substitution by immunochemical criteria. Thus,
this group has provided important new evidence that the oligosaccharide at the second glycosylation

site has no role in signal transduction, but the polypeptide domain at this glycosylation site has an
important role in hormone conformation, receptor binding, and signal transduction. Indeed, it is

enticing to consider that the expression of oligosaccharide modulation of hormonal properties may
in large measure be through modification of the conformation of the polypeptide domain.

In the current period, this group has been successful in establishing an in vitro human cell culture

system for study of human glycoprotein hormone synthetic mechanisms. Previous in vitro studies of

pituitary function have relied on either rodent cell lines or short term cultures of human pituitary

adenomas. The study of the human pituitary glycoprotein hormones, LH and FSH, has been
hampered by the lack of a cell lines of gonadotroph lineage. In addition, since existing cell lines are

derived from rodent pituitary tumors, observations about their behavior cannot be directly correlated

with human pituitary function. For these reasons, efforts during this project period were directed

at developing a human pituitary cell line of gonadotroph lineage. Three patients with pituitary

gonadotroph macroadenomas underwent transsphenoidal tumor resection for relief of optic nerve
compression. Tumor cells were cultured in special media until a homogeneous population of cuboidal

cells was established. Cell lines from the tumors were passaged without morphologic changes for 20,

16, and 13 months, respectively. The cell lines are characterized by a subunit secretion and the

presence of mRNA for the a and /3FSH subunits indicating they are of gonadotroph lineage. The
availability of these premanent human pituitary gonadotroph cell lines sets the stage for human
hormonal research studies not heretofore feasible, including cloning and molecular characterization

of the human GnRH receptor.

The group led by Diana Blithe has been studying the structure/function relationships of carbohydrate

moieties on glycoproteins associated with pregnancy. The hormones under study are human chorionic

gonadotropin (hCG) and a "new hormone", free a molecule. These glycoprotein hormones represent

major components of pregnancy and also constitute important markers for a number of pathologic

conditions. In spite of the copious production of gonadotropin free a molecule in pregnancy, no
biological role had been established for it. Since free q has no activity at the hCG receptor, it was
previously thought to be a by-product of pregnancy. Dr. Blithe's group has recently identified a

function for free a in pregnancy, i.e., placental free a molecules regulate uterine decidual prolactin

secretion. This exciting finding establishes free a as a glycoprotein hormone with activity that is

independent of hCG. Free a stimulated secretion of prolactin from primary cultures of human
decidual cells in a concentration-dependent manner over a range of increasing doses of a at

concentrations that were well within the physiologic maternal serum free a levels during pregnancy.

In contrast, over a similar concentration range, intact hCG and purified hCG-^ subunit did not

stimulate prolactin secretion from the decidual cell culture. Thus, gonadotropin free q must now be
considered as an active serum component rather than as a by-product of pregnancy. This novel

concept expands the scope of endocrinological investigations to include free q as a hormone, along

with the other members of the gonadotropin family.

The group investigates the glycobiology of the pregnancy-associated glycoprotein hormones through
sophisticated structural analysis. Carbohydrate modifications, resulting in a variety of branched
oligosaccharide structures, occur on all glycoproteins prior to secretion. These modifications can
effect virtually every aspect of the molecule's behavior, including receptor binding and signal

transduction. The glycosylation of hCG and free a had been assumed to be unchanged throughout
pregnancy, however, Dr. Blithe's group recently showed that glycosylation changes quite dramatically

as gestation advances. Particularly on free a, and to a lesser extent on hCG, the amount of branching
and fucosylation of the oligosaccharides are increased significantly in late pregnancy compared to

early pregnancy. They also showed that the branching of the oligosaccharides on free a either

prohibits or facilitates combination with hCG-/3 subunit to form intact hCG, thus, glycosylation

contributes to controlling the relative amounts of hCG versus free a in pregnancy. Free a subunits

contain the highest degree of oligosaccharide branching in late pregnancy when the maternal serum



concentration of free a reaches its highest level. The glycosylation patterns between individual

healthy pregnancies were remarkably similar to one another when the same period of gestation was

compared, and there were no exceptions to the changes in glycosylation as pregnancy progressed; all

of the individuals displayed an increase to more highly branched, and much more highly fucosylated

oligosaccharides in late pregnancy. Studies on free a fucosylation provide important clues about the

regulation of the trophoblast fucosyl transferase. Having demonstrated that there are developmentally

associated changes in the glycosylation of free a, it may be possible to localize the dramatic increase

in fucosylation to a particular point in pregnancy. The contribution of these specific oligosaccharide

structures to the newly observed bioactivity of free a is an intriguing area currently under

investigation.

Species differences in glycosylation may have dramatic impact on bioassays, radioimmunoassays,

immune reactions, or in vivo physiology. This group discovered species specific glycosylation of the

glycoprotein hormone CBG purified from human and from rat. Human CBG had a carbohydrate

composition that was consistent with the presence of biantennary and triantennary oligosaccharide

structures. These structures are similar to those commonly found on other glycoproteins circulating

in human serum. In contrast, rat CBG contained a composition that indicated the presence of more
than one sialic acid residue per antenna. In addition to structural differences, the amount of

carbohydrate suggested that rat CBG contained at least one less oligosaccharide than human CBG,
despite the presence of the same number of consensus sequences for glycosylation in the two

polypeptides. Thus, anomalies in glycosylation were observed both at the level of the number of

occupied glycosylation sites as well as the structures of the individual oligosaccharides on the

transport proteins, and the glycosylation variations may play a role in the differences observed in

receptor binding of rat CBG versus human CBG. These findings are of fundamental relevance to the

interpretation of results obtained using heterologous systems, i.e., examining effects of human
glycoproteins, hormones, transport proteins, transacting factors, or receptors in animal cell assays.

This group was the first to characterize the structure and physiology of /ff-core fragment. ;8-core is

derived from hCG-/3 subunit and is the most abundant hCG-related component found in pregnancy

urine. yS-core may also be an important tumor marker and shows particular promise as a marker for

ovarian cancer. Knowledge about its properties, distribution and etiology may be important in

management of potential problem pregnancies and other pathologic conditions. The carbohydrate

composition of pregnancy-derived /9-core was compared to the composition of its precursor molecule,

hCG-/3 subunit. The oligosaccharides on ^-core had been radically altered by removal of all of the

external branches, however, the core sugar structure remained intact. The metabolic clearance

parameters of injected y9-core were measured in human subjects and it was found that, although ^-

core was cleared very rapidly from circulation, only a small portion was excreted in urine. Elevated

amounts of ;5-core that were found in the urine of non-pregnant individuals correlated with the

presence of a malignancy, thus, yS-core has great potential as a clinical marker for malignant or pre-

malignant conditions.

The Unit on Growth Physiology, led by Fernando Cassorla, investigates the hormonal mechanisms
that are responsible for linear growth. The goals of this project are to understand the physiologic

processes underlying linear growth, and to determine whether we can influence this process in order

to benefit children with growth disorders. We have studied the growth hormone response to

provocative tests in 90 normal children and adolescents in order to generate valid normative data to

interpret the results of these tests in short children. Growth hormone responses were lowest in

prepubertal children, and increased significantly after sex steroid priming and with advancing

pubertal stage. The lower 95% confidence limit for stimulated growth hormone levels in unprimed
normal prepubertal children is so low that it limits the diagnostic usefulness of such testing.

Moreover, fifteen out of 90 patients had peak growth hormone levels less that 7.0 ug/L in response

to all three growth hormone stimulation tests. Thus, a uniform cut-off of 7.0 ug/L to diagnose

growth hormone deficiency is likely to produce false positive results, particularly among unprimed
prepubertal children.



Sex steroids can stimulate growth in both boys and girls during puberty. However, the mechanisms
whereby sex steroids accelerate growth velocity have not been clearly elucidated. Estrogens and
androgens are able to increase growth hormone secretion and this increment has been considered to

produce an increase in growth velocity. Sex steroids may also modulate growth hormone action by
altering growth hormone receptor expression. In order to study this hypothesis, we measured growth
hormone receptor by growth hormone binding to liver membranes and liver growth hormone receptor

mRNA steady-state levels by solution hybridization-RNase protection assay in immature rabbits

treated with different doses of estradiol and testosterone. We have observed an inhibitory effect of

estradiol on GH receptor expression. On the other hand, physiological concentrations of testosterone

resulted in an increase in somatogenic binding to liver membranes, as well as an increase in liver

growth hormone receptor mRNA levels. Our results suggest that there is an opposite effect of
estradiol and testosterone on liver growth hormone receptor expression. The inhibitory effect of

pharmacological and even moderate physiological concentrations of estradiol on growth hormone
receptor expression may help us to understand the biphasic effect of estrogens on growth. Low doses

of estradiol could stimulate growth by increasing growth hormone secretion with minimal effect on
growth hormone receptor, while moderate and high doses of estradiol may lead to a reduced growth
hormone action due to a reduction in growth hormone receptor gene expression in target tissues. On
the other hand, the stimulatory effect of testosterone on growth hormone receptor might amplify the

effect of increased growth hormone secretion during testosterone treatment.

The growth hormone receptor has been characterized in its amino-acid and its cDNA sequences for

many species including human, rabbit, rat, and mouse. No information is available, however, on the

sequences of neither the 5'-untranslated region, nor the transcription start site, or the 5'-flanking

region. Since transcriptional control could be involved in the expression of the growth hormone
receptor gene, the characterization of these sequences might be useful to clarify the molecular

mechanisms responsible for control of its expression. This group is using reverse transcription and
polymerase chain reaction to characterize the 5' end of growth hormone receptor mRNA transcripts.

With this information, they are designing specific oligonucleotides complementary to the 5' end of
the growth hormone receptor cDNA to screen a genomic library. The sequence of the 5'-flanking

region of the growth hormone receptor gene will facilitate our knowledge on the existence of potential

binding sites for regulatory factors and it will make possible functional analysis using a reporter gene
in transient transfection experiments.

The Endocrine Growth Factor Unit, headed by Carolyn Bendy, investigates the role of insulin-like

growth factors (IGFs) in developmental and repair processes in the reproductive, renal and central

nervous systems. Histological methods such as in situ hybridization, immunocytochemistry and ligand

binding autoradiography are employed to decipher where and when components of the growth
hormone (GH) and IGF systems are expressed in both rodent and human tissues. This approach has

yielded important new understanding of the interactions between IGF-I and IGF-II and their

different high-affinity binding proteins in diverse systems. Comparative evaluation of the cellular

disposition of IGF-I and GH receptors in various different tissues has revealed potential independent
spheres of action for these two hormones in the kidney, heart, gonad and brain. Insights obtained

from these basic studies are being applied in clinical studies evaluating physiologic effects of GH
versus IGF-I treatment in conditions such as adult growth hormone deficiency, osteoporosis, diabetes

mellitus, renal and heart diseases.
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The objective of this project is to advance understanding of the mechanisms that underlie normal and
abnormal puberty, and to apply this knowledge to improve existing therapy for disorders of puberty.

Since somatic growth is a major determinant of the timing of pubertal onset, a further objective is

to clarify the mechanisms of normal growth and of growth failure. Principle areas of clinical

investigation include the mechanisms of normal growth and of growth failure. Principle areas of

clinical investigation include the mechanism of premature thelarche and of the gonadotropin-

independent forms of precocious puberty , the developmental changes in hypothalamic regulation

of gonadotropin secretion , the behavioral changes associated with normal and abnormal pubertal

development, the mechanisms of prepubertal and pubertal growth , the role of pubertal sex steroids in

the acquisition of normal adult bone density , the treatment of central precocious puberty with an

analog of luteinizing hormone-releasing hormone, the treatment of familial male isosexual precocious

puberty with combined antiandrogen and aromatase inhibitor, the evaluation of new approaches

to the diagnosis of growth hormone deficiency and to the differential diagnosis of delayed puberty .

the treatment with synthetic parathyroid hormone of children with hvpoparathvroidism . the

treatment with growth hormone of children with Turner syndrome and with non-growth hormone-
deficient short stature , and the treatment with insulin-like growth factor-

1

of children with

Laron short stature and of children with idiopathic short stature .

The principal areas of laboratory investigation include the structure and function of the regulatory

sequences of the human gonadotropin-releasing hormone (GnRH) gene , the structure of the human
GnRH gene in families with GnRH-dependent precocious puberty or with idiopathic hypogonadotropic

hypogonadism , linkage analysis of the gene for familial male precocious puberty to the luteinizing

hormone receptor or other loci, and hormonal regulation of epiphyseal transforming growth factor-

^, fibroblast growth factor , and platelet-derived growth factor . To examine the effects of these

growth factors in vivo we are studying rabbits bearing small needles implanted into the proximal

tibial epiphyses and connected to osmotic minipumps.
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Clinically useful antagonists exist for estrogens, androgens, and mineralocorticoids. Antagonists for the

glucocorticoids or the progestins with potential clinical usefulness have been discovered recently. The

objective of this project is to develop and study the molecular mechanisms of action and the human
applications of the antagonists for both of these classes of steroids. We have tested a prototype

glucocorticoid -progestin antagonist (RU 486) developed recently by Roussel-UCLAF. This compound
has strong affinities for the human glucocorticoid and progestin receptor and is devoid of agonist effects

in small experimental animals. Given to nonhuman primates or man RU 486 causes prolonged elevations

of plasma ACTH, Cortisol and arginine vasopressin, all changes preventable by previous administration

of a glucocorticoid (dexamethasone). This suggests that antiglucocorticoids could be used for challenging

the hvpothalamic-pituitarv-adrenal axis , when clinical testing is required in patients with disorders of

this axis. Antiglucocorticoid therapv of patients with severe Cushing's svndrome due to ectopic ACTH
secretion or adrenocortical tumors causes remission of the clinical manifestations of hvpercortisolism .

RU 486 potentiated the inflammatory/immune response to a standard stimulus in intact animals,

suggesting that glucocorticoids exert anti-inflammatory/immunosuppressive effects at physiological

levels. We recently demonstrated that corticotropin releasing hormone (CRH) is produced locally at the

site of inflammation and has profound pro-inflammatory effects at an autocrine/paracrine level. We
have called this "immune" CRH. Glucocorticoids suppress, and RU 486 markedly augments local

secretion of immune CRH at an inflammatory site. Immune CRH was found in the ovarv and

endometrium where it may participate in the inflammatory phenomena of ovulation, luteolysis, and

menstruation. RU 486 allowed the identification of a central nervous system defect in rats prone to

arthritis . In these animals the glucocorticoid response to stress-mediators is inadequate to restrain the

immune system following an insult. The actual defect is global and located at the level of the

hypothalamic CRH neuron , which responds poorly to all its known stimulants, including several

cytokines, as well as serotonin , acetylcholine and norepinephrine . This pathophysiologic mechanism is

novel and its relevance to human arthritis and autoimmune disease will be examined.
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The overall objectives of this project are to understand the endocrinology of the human glycoprotein

hormones, thyroid-stimulating hormone (TSH), choriogonadotropin (hCG), luteinizing hormone (LH),

and follicle-stimulating hormone (FSH), and thereby to develop diagnostic and therapeutic clinical

applications. Recent research advances in the current period include the following: 1) Structure-

function studies of the ^-subunits of TSH and FSH have identified domains important in the biologic

properties of these hormones. Mutations at the glvcosvlation recognition site of the TSH /S-subunit

diminished hormone secretion whether or not glycosylation was prevented, whereas carboxyterminal

truncation stimulated hormone secretion. Mutations at the first glycosylation recognition site of the FSH
^-subunit dramatically increased receptor binding affinity, while paradoxically reducing intrinsic

steroidogenic activity, again whether nor not glycosylation was prevented. These novel findings identify

the conformation of the ^-subunit polypeptide domain bearing carbohydrate as critical to the biological

properties of glycoprotein hormones; 2) Human pituitary cell lines expressing the mRNA for the q-

subunit and ^-FSH subunit have been established. These cell lines of gonadotroph lineage are expected

to be a valuable model for study of human glycoprotein hormone synthetic mechanisms and investigation

of GnRH receptor structure and function; and 3) Careful study of the pituitary-thyroid axis in 56

growth hormone deficient children has demonstrated the value of the nocturnal TSH surge test in the

management of these patients. Hereafter, direction of the project will emphasize study of the structure

function relationships of FSH and the human FSH receptor through site-directed mutagenesis of their

respective genes and investigation of signal transduction mechanisms in human thyrocyte follicles in

vitro with analogs of hCG.
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In this project we seek to advance the understanding of the physiology and pathophysiology of the

hypothalamic-pituitarv-adrenal axis . The role of stress-related hormones in normal and disease states is

being examined, and clinical applications for these hormones are sought. The recent discovery of the

structure of corticotropin releasing hormone (CRH) and the development of sensitive assays for

measuring stress -related hormones and their receptors have led to rapid progress in this field. Major

progress has been made in three areas: 1 ) Clinical applications of CRH: An ovine CRH (oCRH)
stimulation test has been developed that is useful in the differential diagnosis of adrenal insufficiency.

Cushing's syndrome , and pseudo-Cushing's states (psychiatric hypercortisolism) . The human CRH
(hCRH) analog is useful in studying the physiology of the pituitary-adrenal axis. The oCRH stimulation

test and measurement of CSF CRH have increased our understanding of the pathophysiology of

Cushing's syndrome, melancholic depression , atypical depression , seasonal depression , the premenstrual

tension syndrome , anorexia nervosa , the chronic fatigue syndrome and late-onset congenital adrenal

hyperplasia . 2) The regulation of the axis by opioids , vasopressin , oxytocin , glucocorticoids , eicosanoids .

platelet activating factor (PAF), tumor necrosis factor - alpha , cholecystokinin (CCK), neuropeptide Y,

benzodiazepine agonists and antagonists and thyroid hormones has been studied in vivo and/or in vitro .

Neurotransmitter and feedback regulation of hypothalamic CRH secretion has also been examined in

vitro . Third trimester pregnant women and athletes have a hyperfunctional pituitary-adrenal axis in the

resting state. Hypothalamic-pituitary-adrenal axis reactivity and personality traits have been correlated

in developing adolescents . The hCRH gene 5' regulatory region has been cloned and sequenced and its

regulation is being studied. 3) Role and actions of glucocorticoids: Surgical Stress is associated with

continuous and pulsatile secretion of ACTH. Glucocorticoid resistance is an autosomal recessive or

dominant disease associated with abnormalities of the glucocorticoid receptor type II . We have

elucidated the molecular pathophysiology of this syndrome by defining mutations and/or deletion of the

glucocorticoid receptor gene leading to abnormal or decreased receptors in the tissues of patients. The
glucocorticoid receptor type I (mineralocorticoid) is studied in several kindreds with mineralocorticoid

resistance . The interaction of the glucocorticoid receptor with the heat-shock proteins is studied.
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The objective of this project is to investigate the hormonal mechanisms that are responsible for linear

growth . Principal areas of investigation include improving the accuracy of the methods emploved to

diagnose growth hormone deficiencv. We are also studying the effects of growth hormone and sex

steroid administration on linear growth in patients with Turner's syndrome and delayed puberty . In

addition, we are studying the mechanism of catch up growth in a primate model. We are studying the

hormonal regulation of transcriptional expression of the growth hormone receptor gene. In addition, we
are examining the effect of inducing pubertal delay in children with extreme short stature, in order to

prolong prepubertal growth prior to epiphyseal fusion. We are also investigating the effects of growth
hormone therapy on the adult height of non-growth-hormone deficient children with short stature

through a randomized, double-blind, placebo-controlled clinical trial. Finally, we are studying the

effects of growth hormone-releasing factor on linear growth in growth hormone-deficient children by
using different treatment regimens in order to optimize growth.
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We seek to advance understanding of the mechanisms that cause adrenal androgen secretion by the fetal

adrenal zone prenatally and by the definitive adrenal cortex during adrenarche, and to improve the

diagnosis and treatment of disorders that cause excess adrenal androgen or glucocorticoid secretion,

such as premature adrenarche. congenital adrenal hyperplasia, adrenal neoplasms, idiopathic

hirsutism, polycystic ovary syndrome, and Cushing's syndrome . We also seek to clarify the

pathophysiology of primary adrenal insufficiency (Addison's disease) and secondary adrenal

insufficiency and to improve the treatment of these conditions.

Children with congenital adrenal hyperplasia are being enrolled into one of four projects. The first

tests the effect of different dose-schedules of hydrocortisone. The second examines the hypothesis

that supplemental salt intake will reduce the day-to-day variability, and improve the overall control

of androgen secretion. The third examines the adrenocorticotropin-suppressing activity of
carbenoxolone, an inhibitor of 1 1-beta-hydroxysteroid dehydrogenase. The fourth employs a newly
available antiandrogen and an inhibitor of androgen-to-estrogen conversion to block the action of
excess androgen levels. Additionally, the potential to cure the 21 -hydroxylase deficiency form
of congenital adrenal hyperplasia by adrenal transplantation or gene therapy is being explored in a

newly recognized animal model of this disorder.

Patients with Cushing's syndrome are being studied by several new diagnostic methods to determine
the relative diagnostic efficiency of these new methods compared to the old. Oncogene expression

in corticotropinomas is also under study in an attempt to elucidate the molecular basis of Cushing's

disease.
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Progesterone is essential for the normal morphologic development of the luteal phase endometrium , for

implantation of a blastocyst and for maintenance of pregnancy . Surprisingly, given its critical role in

reproduction, little is known about the mediator(s) of progesterone action. We are using a recently

described progestin-dependent glycoprotein, placental protein 14 (PPM) and the antiprogestin RU 486 to

probe progesterone action. We are investigating the relationship between endogenous progesterone

production, serum PPM concentrations and endometrial maturation in women with normal cycles. Up to

28% of normally cycling women has a delay in endometrial maturation of a biopsy obtained 7-9 days

after the LH surge. Contrary to previous studies from other groups, the integrated and peak levels of PP
14 and progesterone did not correlate with the degree of endometrial maturation. Only two of 14 women
having abnormal endometrial development had progesterone values below the range seen in women with

normal endometrial development. These studies suggest that measurement of serum PPM and
progesterone concentrations may not be useful predictors of fecundity in normally cycling women.
Futher studies in infertile women and those with multiple miscarriages may give better insight into the

cause of these disorders, however, since it is possible that the progesterone-mediated endometrial effects

may be abnormal in these subgroups.

We have used the antiprogestin RU 486 to probe the utility of antiprogestin compounds as contraceptive

agents. Studies in non-pregnant women show that small daily doses of RU 486 delay the normal
maturation of the endometirum without changing the hormonal patterns or timing of the menstrual cycle.

Serum PPM concentrations were decreased significantly in the women receiving RU 486, showing that

progesterone (and not some other product of the corpus luteum) is critical for normal endometrial

function. No adverse effects were seen. These data suggest that RU 486 has potential as a contraceptive

agent.
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P.I. D.L. Blithe Expert MES, DEB, NCIHD

Others: B. Paindaveine Visiting Fellow MES, DEB, NICHD
C.Lyons Bio Lab Technician MES, DEB, NICHD

COOPERATING UNITS (if any)

R. Richards, Children's Hospital Medical Center, Cincinnati, OH 45229

W. Rosner, St. Luke's/Roosevelt Hospital Center, New York, NY 10019

LAB/BRANCH
Developmental Endocrinology Branch

SECTION

Medical Endocrinology Section

INSTITUTE AND LOCATION
National Institute of Child Health and Human Development, Bethesda, Maryland 20892

TOTAL STAFF YEARS:

2.1

PROFESSIONAL:

1.6

OTHER:

0.5

CHECK APPROPRIATE BOX(ES)

ca (a) Human subjects E (b) Human tissues D (c) Neither

D (al) Minors

D (a2) Interviews

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

The goal of the project is to increase our understanding of the structure-function relationships of the

oligosaccharide moieties on glycoprotein hormones and related molecules. The molecules under

investigation are corticosteroid binding globulin (CBG), human chorionic gonadotropin (hCG), and

gonadotropin free a subunits associated with pregnancy or malignancy. We have shown that the free a

subunit purified from pregnancy urine stimulates secretion of prolactin from primary cultures of human
decidual cells in a dose-dependent manner. These findings represent the first bioassay for pregnancy

free a molecules and indicate that free a may be a glycoprotein hormone with a function that is

independent of hCG.
Carbohydrate modifications, resulting in a variety of branched oligosaccharide structures, occur on

all glycoproteins prior to secretion. These modifications can effect virtually every aspect of the

molecule's behavior, including receptor binding and signal transduction, yet the underlying regulatory

mechanisms remain elusive. We have investigated changes in the oligosaccharide moieties as a function

of gestational development and species specificity . We had shown that specific types of carbohydrate

modifications on free a can either prevent or facilitate combination with hCG-/9 to form intact hormone.

In our investigation of gestational development, we found that glycosylation of free o changes

dramatically as a function of gestational age. Molecules produced in late pregnancy are more highly

branched and are much more extensively fucosylated than those of early pregnancy. We plan to examine

how the differences observed in glycosylation affect the bioactivity of these molecules. We also

demonstrated species specific differences in the glycosylation of CBG. Rat CBG contained a

carbohydrate composition strikingly different from that of human CBG. Such variations in glycosylation

may account for differences in receptor-hormone interactions observed between species. These studies

are especially relevant to inferences that are obtained using heterologous systems, i.e., examining effects

of human hormones in rat receptor assays.
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1

Paracrine and Autocrine Roles of Insulin -like Growth Factors (IGFs).

PRINCIPAL INVESTIGATOR fList other professional personnel below the Principal Investigator.! (Name, title, laboratory, and

P.I.: C. A. Bondy Senior Investigator UEGF, DEB, NICHD

Others: W.-H. Lee
J. Zhou
M. Bach
E. Chin
A. Tanner

Pratt Fellow

Visiting Fellow

Senior Staff Fellow

Senior Staff Fellow
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COOPERATING UNITS (if any)

Charles T. Roberts, Jr., Ph.D., Diabetes Branch, NIDDK

LAB/BRANCH
Developmental Endocrinology Branch
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INSTITUTE AND LOCATION
National Institute of Child Health and Human Development, Bethesda, Maryland

TOTAL STAFF YEARS:

4.0

PROFESSIONAL.

3.25
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0.75

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects H (b) Human tissues

D (al) Minors
D (a2) Interviews

D (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

We have used in situ hybridization and immunochtochemistry to map the cellular patterns of expression

for elements of the IGF system and functionally-related molecules such as the recently characterized

family of facilitative glucose transporters - in both rodent and human nervous, renal and reproductive

systems. The data resulting from these studies have provided important new information on the roles of

these growth factors and their numerous different binding proteins in the regulation of normal

developmental processes and in tissue-specific responses to physiologic stress and pathologic injury.
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P.I. C.A. Bondy Senior Investigator UEGF, DEB, NICHD

Others: Z. Jian Visiting Fellow UEGF, DEB, NICHD

COOPERATING UNITS fif any)

None

LAB/BRANCH
Developmental Endocrinology Branch

SECTION

Endocrine Growth Factors Unit
INSTITUTE AND LOCATION

National Institute of Child Health and Human Development
TOTAL STAFF YEARS:

0.5

PROFESSIONAL:

0.5

OTHER:

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects D (b) Human tissues

D (al) Minors

D (a2) Interviews

K (c) Neither

SUMMARY OF WORK fUse standard unreduced type. Do not exceed the space provided.^

Polyhydric alcohols, or polyols, are osmotically active organic molecules whose physiologic and
pathophysiologic significance has only very recently come under investigation. These molecules are

produced by the reduction of common sugars via the catalyic action of aldose reductase. It appears that

the overproduction and accumulation of polyols such as sorbitol, the product of glucose reduction, in

certain tissues, may be responsible for some of the dire consequences of chronic hyperglycemia, as in

diabetes mellitus or hereditary galactosemia.
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PROJECT NUMBER

ZOl HD 00631-03 DEB

PERIOD COVERED
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Mechanisms of Neuroendocrine Regulation

PRINCIPAL INVESTIGATOR (List other professional personnel below the Principal Investigator.) (Name, title, laboratory, and

P.I. G. Aguilera Head SEP, DEB, NICHD

Others: T. Shiver

A. Kiss
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Medical Staff Fellow

Visiting Associate

Special Volunteer

Student Trainee

SEP, DEB, NICHD
SEP, DEB, NICHD
SEP, DEB, NICHD
SEP, DEB, NICHD

COOPERATING UNITS fif any)

None

LAB/BRANCH
Developmental Endocrinology Branch

SECTION

Section on Endocrine Physiology

INSTITUTE AND LOCATION
National Institute of Child Health and Human Development, NIH Bethesda, Maryland 20892

TOTAL STAFF YEARS:

2.65

PROFESSIONAL:

2.4

OTHER:

0.25

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects n (b) Human tissues

D (al) Minors

D (a2) Interviews

SI (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

Investigation has focused on the mechanism of regulation of the hypothalamic and pituitary function

during stress . Immunohistochemical studies revealed that while acute stress causes marked release of

corticotropin releasing hormone (CRH) and vasopressin (VP), chronic stress is accompanied by increases

in vasopressin in the parvicellular system. To determine the role of VP on the changes in pituitary

responsiveness observed during chronic stress, the function of the hypothalamic-pituitary-adrenal axis

was studied during chronic osmotic stimulation, a potent stimulus of VP secretion. Water deprivation for

48 hr caused marked increases in plasma VP, VP mRNA and immunoreactive VP in magnocellular

neurones. In spite of the increases in VP, pituitary ACTH responses to CRH injection or acute stress

were reduced, in intact as well as in adrenalectomized rats, indicating that the reduced ACTH responses

were not due to glucocorticoid feedback . These studies show that the parvicellular, but not the

magnocellular VP system plays a role in the control of ACTH secretion during chronic stress. Studies on

the relationship between CRH receptor regulation and corticotroph function showed no correlation

between changes in CRH receptor and POMC mRNA levels or peptide release in anterior or intermediate

pituitary of chronically stressed rats. This indicates that stress- induced changes in pituitary

responsiveness are not due to changes in pituitary CRH receptors. The hypersensitivity of the ACTH
responses to a novel stimulus, despite sustained increases in plasma corticosterone, suggest an alteration

of the glucocorticoid feedback mechanism during chronic stress. Measurement of glucocorticoid

receptors showed differential changes in receptor concentration following chronic stress, with decreases

in the pituitary and hippocampus and increases in the PVN, and NTS. Chronically stressed

adrenalectomized rats receiving corticosterone replacement, showed no changes in glucocorticoid

receptors, but hypersensitivity of the ACTH response to a novel stress indicating that glucocorticoid

receptor changes are not responsible for the altered feedback.
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PROJECT NUMBER

ZOl HD-00632-03 DEB
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1

Physiological Actions of the Renin-Angiotensin-System

PRINCIPAL INVESTIGATOR (List other professional personnel below the Principal Investigator. 1 fName, title, laboratory, and

P.I. G. Aguilera Head SEP, DEB, NICHD

Others: C. Johnson

P. Feuillan

B. Akbasak

Visiting Associate

Special Volunteer

Visiting Associate

SEP, DEB, NICHD
SEP, DEB, NICHD
SEP, DEB, NICHD

COOPERATING UNITS fif any)

None

LAB/BRANCH
Developmental Endocrinology Branch

SECTION

Section on Endocrine Physiology

INSTITUTE AND LOCATION

National Institute of Child Health and Human Development, NIH Bethesda, Maryland 20892

TOTAL STAFF YEARS;

2.0

PROFESSIONAL:

2.0

OTHER;

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects D (b) Human tissues

D (al) Minors
g (a2) Interviews

E (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

The purpose of this project is to study physiological and pathological aspects of the renin-angiotensin

system , with emphasis on its role on circulatory homeostasis and development . Previous studies of this

laboratory have demonstrated the expression of widely distributed angiotensin II (All) receptors in the

fetus. Experiments using newly developed All receptor subtype specific antagonists showed that while

All receptors at most sites in the adult are type 1 (AT^), the majority of the receptors transiently

expressed during early development are type 2 (AT2). An interesting finding was that in two major All

target tissues in the adult, the adrenal glomerulosa and vascular smooth muscle, the concentration of All

receptors in markedly higher during early postnatal development, due to the presence of high ATj levels.

The ratio AT^/ATj receptor content in the adrenal glomerulosa was 0.25, 0.96, 2.4 and 5.6 for 2-, 7-, 14,

21-, and 40-day old rats, respectively). In vivo experiments showed that the sensitivity of the plasma

aldosterone responses to All injection in 7-day old rats is lower than in adults. The possibility that the

low adrenal sensitivity to All in neonates is due to the high proportion of ATj receptors was studied in

collagenase dispersed adrenal glomerulosa cells from 7-day old rats. Despite the high ATj receptor

content (30%), the AT^ receptor antagonist completely inhibited All-stimulated aldosterone production,

and the ATj receptor antagonist had no effect. The data show that ATj receptors do not have a

modulatory role on the steroidogenic effects of All, but more likely participate in adrenal growth.

Supporting the later possibility was the finding that sodium restriction, condition associated to

hypertrophy of the adrenal glomerulosa also causes an increase in adrenal ATj receptor content.

Polymerase chain reaction (PCR) techniques were employed to obtain specific cDNA probes for the

brain All receptor . Restriction analysis of the PCR products and preliminary hybridization studies using

different probes show heterogeneity in the sequence of the brain and peripheral receptors. Studies in

cultured fetal skin fibroblasts are also in progress to determine the participation of All receptor subtypes

on the expression of growth factors and constitutional cell proteins such as B-actin.
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Ovarian folliculogenesis
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P.I. L.M. Nelson Staff Clinical Specialist SGR, DEB, NICHD

Others: Z.B. Tong
J. Anasti

S. Nair

J. Jacobson

Visiting Fellow

Medical Staff Fellow

NRSA Fellow

Medical Staff Fellow
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SGR, DEB, NICHD
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J. Dean, Mammalian Developmental Biology Section, Laboratory of Cellular and
Developmental Biology, NIDDK

LAB/BRANCH
Developmental Endocrinology Branch

SECTION

Gynecologic Research Section

INSTITUTE AND LOCATION
National Institute of Child Health and Human Development

TOTAL STAFF YEARS:

3.6

PROFESSIONAL:

3.6
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CHECK APPROPRIATE BOX(ES)

a (a) Human subjects E (b) Human tissues
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D (a2) Interviews

D (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

This project seeks to understand the physiology and pathophysiology of ovarian follicle development and

function, and to thereby develop clinical diagnostic and therapeutic applications for women with

ovulatory disorders. During this period we have focused on premature ovarian failure , a condition

which prematurely terminates fertility in 1% of women. We have particular interest in autoimmune-
mediated ovarian failure and seek to improve our understanding of this condition through clinical

research and through basic immunologic research employing a mouse model of autoimmune ovarian

failure (induced by neonatal thymectomy ). During this period we have demonstrated that during a 4

month observation period with serial serum estradiol measurements we can detect ovarian follicle

function in approximately 50% of patients with premature ovarian failure. Furthermore, almost 20% of

these patients ovulated during this observation as determined by serial progesterone levels. We
completed a controlled evaluation of gonadotropin suppression as a means to induce remission in patients

with ovarian failure. We demonstrated that four months of gonadotropin suppression with a

gonadotropin releasing hormone agonist was no more effective than placebo in inducing return of

ovarian function. During the current year we have continued our work in a mouse model of
autoimmune lymphocytic oophoritis. We are defining the time course and histologic location of the

ovarian lymphocytic infiltrate. We have developed and validated a technique to localize mouse
lymphocytes in the ovary by using immunohistochemistry and a monoclonal antibody against a surface

protein specific to mouse lymphocytes (CD45). We plan to continue to define the pathogenesis of

autoimmune ovarian failure in the neonatally thymectomized mouse by using immunohistochemical
techniques to characterize the initial events in this process, and by using cell culture techniques to assess

T lymphocyte proliferation in response to ovarian antigens. In the coming years we also plan to evaluate

other treatments for premature ovarian failure by controlled prospective clinical trials and to assess the

pathophysiologic role of immunoglobulins and T lymphocytes in autoimmune premature ovarian failure.





DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE
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PROJECT NUMBER
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Metabolic Effects of IGF-I in the Pediatric Population: Dose-response in Normal and Diabetic Patients

PRINCIPAL INVESTIGATOR (List other professional personnel below the Principal Investigator.') fName. title, laboratory, and

P.I. M. Bach Senior Staff Fellow EGFU, DEB, NICHD

Others: C.A. Bondy Senior Investigator EGFU, DEB, NICHD

COOPERATING UNITS fif any)

None

LAB/BRANCH
Developmental Endocrinology Branch

SECTION

Endocrine Growth Factors Unit

INSTITUTE AND LOCATION
National Institute of Child Health and Human Development

TOTAL STAFF YEARS:

0.5

PROFESSIONAL:

0.5

OTHER:

CHECK APPROPRIATE BOX(ES)

a (a) Human subjects D (b) Human tissues

E (al) Minors
D (a2) Interviews

D (c) Neither

SUMMARY OF WORK fUse standard unreduced type. Do not exceed the space provided.)

This clinical study (92-CH-0023) is aimed at evaluating the effects of recombinant hIGF-I in the normal

and in the diabetic adolescent. The insulin-dependent diabetic typically has elevated GH levels which

contribute to chronic hyperglycemia. Paradoxically, these patients also have depressed IGF-I levels,

which may also exacerbate hyperglycemia and possibly contribute to diabetics' poor growth patterns. In

order to characterize the nature of the GH elevation and to assess the effects of IGF-I on metabolic,

renal and hematologic functions, we are evaluating the effects of subcutaneous rhlGF-I infusions in

normal and diabetic adolescents.
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PROJECT NUMBER
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Regulation of GnRH Secretion

PRINCIPAL INVESTIGATOR (List other professional personnel below the Principal Investigator.) fName, title, laboratory, and

PI: L. K. Nieman Senior Investigator URM, DEB, NICHD

Others: B.Olson Senior Staff Fellow URM, DEB, NICHD
D. Scott Medical Staff Fellow URM, DEB, NICHD
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LAB/BRANCH
Developmental Endocrinology Branch
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Section on Gynecologic Research
INSTITUTE AND LOCATION

National Institute of Child Health and Human Development, Bethesda, Maryland 20892
TOTAL STAFF YEARS;

2.25
PROFESSIONAL:

2.25
OTHER:

CHECK APPROPRIATE BOX(ES)

ca (a) Human subjects D (b) Human tissues D (c) Neither

D (al) Minors
D (a2) Interviews

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

Pulsatile secretion of GnRH by hypothalamic neurons results in gonadotropin secretion and release and
hence plays a critical role in the regulation of normal reproductive function and cyclicity in women.
The central mechanisms that regulate neuronal function are not understood. Chronic nutritional

deprivation in people and primates causes hypothalamic dysfunction and hypogonadism, but is not a

clinically acceptable model. Recent work indicates that acute food deprivation in men and male

monkeys decreases gonadotropin pulse frequency and testosterone levels. We hypothesize that acute

fasting may inhibit the female reproductive axis in a similar way, and may serve as a tool to study the

regulation of the GnRH pulse generator. Short-term fasting, common among women, might thus inhibit

the reproductive axis and diminish fertility.

To study the effects of nutritional deprivation on GnRH neuronal function, we have fasted women
completely for three days during the follicular phase of the menstrual cycle. Preliminary data show that

this reversibly blunts follicular growth but does not decrease gonadotropin pulsatility, suggesting that

even a 3 day fast can affect follicular development, primarily at the ovary, and that species-specific and
sex-specific differences exist in the activity of the GnRH pulse generator during a fast. We have also

used the GTl-7 neuronal cell line to study the regulation of GnRH secretion in vitro . This line is

derived from a transgenic mouse transfected with the sequences for the rat GnRH promoter and the

SV40 T antigen. We have shown that neuronal survival and GnRH secretion by these cells is affected by
the glucose and IGF-1 concentrations in the media, so that glucose-free media and supra-physiologic

concentrations of IGF-1 increase cell death, while a physiologic concentration of IGF-1 protects the

neurons from hypoglycemic damage. GnRH secretion is inhibited by IGF-1, 1-100 ng/mL. These data

suggest that the hypogonadism of starvation may be modulated directly at the level of the GnRH neuron

by the availability of nutrients and growth factors.

PHS 6040 (Rev. 5/92)
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Endocrinology and Reproduction Research Branch

The research programs of the Endocrinology and Reproduction Research Branch (ERRB) are directed at

the elucidation of molecular and cellular mechanisms involved in hormone secretion and action. These

programs include studies on the characterization of peptide hormones and their cellular receptors; the

mechanisms of peptide hormone action in endocrine target cells; the structure-function relationships of

peptide and glycoprotein hormones; and the regulation of hormone biosynthesis and secretion. Of

particular interest are the investigation of pituitary-gonadal and pituitary-adrenal regulation, the control of

ovarian activity during the reproductive cycle and pregnancy, and the receptor-mediated control of

pituitary, gonadal, and adrenal function. During the current year, research has been performed on the

plasma-membrane receptors and intracellular signaling processes that are responsible for the control of

secretory responses, differentiation, and metabolic regulation in endocrine target cells. The secretion of

bioactive gonadotropic hormones has been examined in patients with disorders of reproductive fiinction,

and in normal subjects in studies on the physiological regulation of gonadotropin production. The role of

hormones in cellular regulation is also analyzed in animal models to elucidate the control of hormone

secretion and the stimulatory and inhibitory regulation of target-cell function. The staff of the ERRB share

common interests in the mechanisms of action of peptide and glycoprotein hormones, the role of

neuropeptides in hypothalamic-pituitary regulation and stress, the control of gonadal and adrenal function

by pituitary hormones, the renin-angiotensin system and aldosterone secretion, and the mechanisms and

roles of protein phosphorylation in metabolic regulation. The major research programs of the Branch are

supervised by the respective senior investigators under the following organizational units within the ERRB.

The Section on Hormonal Regulation (Dr. Kevin J. Catt) performs research on the control of endocrine

target cells by peptide hormones, in particular the characterization, regulation, and activation mechanisms

of plasma-membrane receptors for gonadotropin-releasing hormone (GnRH) and angiotensin II (AD). The

receptor-mediated actions of hypothalamic releasing peptide and other regulators of pituitary hormone

secretion are studied in cultured anterior pituitary cells. The receptors and actions of angiotensin II are

investigated in cultured adrenal glomerulosa cells, and those of gonadotropins and associated peptide

hormones are analyzed in ovarian granulosa and luteal cells.

The receptors and signal transduction mechanisms ofgonadotropin-releasinghormone (GnRH) were studied

in cultured pituitary gonadotrophs, in which gonadotropin secretion is stimulated by GnRH and other

factors including oxytocin and the potent vasoconstrictor peptide, endothelin (ET). In the pituitary gland,

ET was found to bind to high-affinity receptors of the ET-A subtype and to cause rapid increases in

phosphoinositide hydrolysis, cytoplasmic calcium, and LH secretion. The action of ET on gonadotrophs

was notable for its rapid desensitization, which was concomitant with internalization of the ET-receptor

complex. These actions of ET indicate its possible participation in the control of pituitary function and

gonadotropin secretion under physiological conditions. The mechanism of the calcium signaling response

in GnRH-stimulated gonadotrophs, which is manifested in single cells as prominent dose-dependent

oscillatory to biphasic cytoplasmic calcium elevations, was analyzed by patch clamping and fluorimetric

assay of calcium responses in individual pituitary gonadotrophs. These studies revealed that most

gonadotrophs exhibited spontaneous low-amplitude calcium fluctuations that were due to intermittent firing



of nifedipine-sensitive action potentials. The activity of this plasma membrane oscillator was terminated

by GnRH, which initiated high-amplitude cytoplasmic calcium oscillations that were accompanied by

concomitant changes in membrane potential (V^). The activation by GnRH of the cytoplasmic oscillator

was associated with hyperpolarization of the plasma membrane, interrupted by regular waves of

depolarization with firing action of potentials at the peak of each wave. The phases of hyperpolarization

were synchronized with the agonist-induced cytoplasmic calcium transients, such that V^ maxima
alternated with peak elevations of calcium. The V^ oscillations were found to result from repetitive

activation of apamine-sensitive potassium channels by the elevation of cytoplasmic calcium. The

synchronization between electrical activity and calcium spiking in cells regulated by calcium-mobilizing

receptors shows that the operation of the cytoplasmic oscillator can be integrated with that of a plasma-

membrane oscillator to maintain the prolonged calcium signal during sustained agonist stimulation.

In addition to its effects on pituitary hormone secretion, ET was found to act on cultured hypothalamic

neurons and inmiortalized GTl neuronal cells to stimulate inositol phosphate production. Specific ET
binding sites, with higher affinity for ET-1 than ET-2 and ET-3, were identified in primary cultures of

hypothalamic neurons and in immortalized GT-1 neuronal cells. In both normal and transformed neurons,

the receptor binding ofET and stimulation of phosphoinositide hydrolysis were accompanied by stimulation

of GnRH secretion. Since ET was also found to be produced by cultured hypothalamic cells, the locally

formed peptide could participate in the hypothalamic control of gonadotropin secretion. In studies on the

nature of the hypothalamic pulse generator, both cultured hypothalamic neurons and GTl neuronal cells

were found to exhibit spontaneous pulsatile release of GnRH, of comparable frequency to the episodic

secretion of GnRH in vivo. This spontaneous activity was found to be dependent on calcium entry through

voltage-sensitive channels in the plasma membrane of the gonadotrophs. These findings indicate that

pulsatile neuropeptide secretion is an intrinsic property of GnRH neuronal networks, and that interactions

between individual GnRH-neurons may underlie the activity of the pulse generator in vivo.

Another hypothalamic neuropeptide, growth hormone releasing hormone (GHRH), is also a potent cAMP-
mediated agonist in the ovary, where it binds to a common vasoactive intestinal peptide/GHRH receptor

and enhances the actions of FSH on granulosa cell maturation. A GHRH-like peptide has been detected

by immunocytochemistry in the human ovary and by radioimmunoassay in follicular fluid, suggesting local

synthesis of the peptide. In rat ovarian poly(A)''" RNA, Northern blot hybridization analysis revealed the

presence of one major and two minor mRNA species. The major ovarian GHRH mRNA (1750 nt) was

much larger than that present in hypothalamus and placenta (750 nt), but was similar to that observed in

the rats testis. Two well-defined higher molecular weight forms of 3.2 and 3.6 kb were also present and

probably represent unprocessed precursors of the 1750-nt mRNA. Further evidence of GHRH gene

expression in the ovary and testis was provided by reverse transcription polymerase chain reaction of

ovarian mRNA and restriction enzyme analysis of the amplified product. In addition, immunoreactive (ir)

GHRH was detected in ovarian extracts and in the incubation medium of cultured rat granulosa cells. The

GHRH immunoreactivity detected in ovarian extracts coeluted on gel filtration chromatography with

authentic rGHRH (5.2 kDa). A larger form of ir-GHRH (- 16.5 kDa) was also present. These data

demonstrate that the rat ovary contains a 1750-nt transcript that could arise from the GHRH gene by tissue-

specific initiation, alternative splicing, or transcript termination. The translation product of this mRNA
is the same similar size as the rat hypothalamic neuropeptide and may promote follicular maturation by

autocrine or paracrine modulation of the stimulatory action of FSH on granulosa cell fiinction.

Studies on the receptors and signal transduction mechanisms of angiotensin 11 and ACTH were performed

in adrenal glomerulosa cells and Xenopus laevis oocytes. Several lines of evidence have suggested the



existence of All receptor subtypes that could account for tbe diverse actions of All in its many target

tissues. An binds to specific receptors that mediate Ca^"*" mobilization through stimulation of

phospholipase C and production of inositol 1,4,5-triphosphate, activation of Ca^"*" channels, and inhibition

of adenylate cyclase via a pertussis toxin-sensitive G-protein. Pharmacological and functional studies in

different tissues have suggested the existence of All receptor subtypes. Radioligand binding studies with

newly developed All antagonists have revealed two distinct receptor subtypes that have been termed ATj
and AT2. All of the known biochemical functions mediated by All are blocked by AT, -specific

antagonists, suggesting that such compounds may recognize more that one All receptor subtype. Recently,

cDNAs encoding an ATj receptor have been isolated from bovine adrenal glomerulosa cells and vascular

smooth cells. To search for All receptor subtypes, we amplified rat adrenal cortex cDNA by PCR using

primers based on the ATj receptor. The product was distinct form the AT, receptor as indicated by

restriction enzyme analysis and DNA sequencing. A full-length cDNA clone (2.2 kilobase pairs) encoding

a novel All receptor (ATj^, or AT3) was obtained by screening an adrenal cortex library. The AT3 cDNA
encodes a Mj. 40,959 protein with 95 amino acid identity to the rat smooth muscle receptor, but the overall

nucleotide similarity is 71% due to low homology in the 5' - (58%) and 3' - (62%) untranslated regions.

Expressed AT3 receptors in Xenopus oocytes and COS-7 cells mediate agonist-induced Ca^"*" mobilization

but are pharmacologically distinct form the AT, receptors. AT3 mRNA is most abundant in the adrenal

cortex and pituitary and differs form AT, mRNA in its tissue distribution. The structural features of the

AT3 receptor, including two additional potential phosphorylation sites for protein kinase C, could be

related to the distinctive binding properties of the adrenal and vascular receptors and to their differential

regulation during altered sodium intake. In related studies, the mas oncogene, which has been proposed

to encode an All receptor, was found to increase the responsiveness of pre-existing AH receptors in

oocytes and transfected cells, but is not itself an All receptor.

In Xenopus oocytes, the previous finding that activation of All receptors on follicular cells sends a signal

through gap junctions to elevate cytoplasmic calcium within the oocyte was extended to identify the nature

of the intercellular communication process. In [^H]inositol-injected follicular oocytes. All stimulated two-

to fourfold increases in phosphoinositide hydrolysis and production of inositol phosphates. Injection of

the glycosaminoglycan, heparin, which selectively blocks Ins(l,4,5)P3 receptors, prevented both All-

stimulated and Ins(l,4,5)P3-induced Ca^"*" mobilization in Xenopus follicular oocytes but did not affect

mobilization of Ca^"*" by ionomycin or GTP. These results indicate that the All-regulated process of gap

junction communication between follicular cells and the oocyte operates through an Ins(l ,4,5)P3-dependent

mechanism rather than through transfer of Ca^"*" into the ooplasm and subsequent Ca^"*"-induced Ca^"*"

release.

The roles of Ins(l,4,5)P3 and Ins(l,3,4,5)P4 in calcium signaling were analyzed in fibroblasts transfected

with rat brain Ins(l,4,5)P3 3-kinase. In such cells, the conversion of Ins(l,4,5)P3 to Ins(l,4,5)P4 during

agonist stimulation was greatly increased. The marked over-production of Ins(l,3,4,5)P4 was associated

with a decrease in Ins(l,4,5)P3 levels and commensurate attenuation of both the cytoplasmic calcium signal

and the Ca^"*" influx response. The reduction in Ins(l,4,5)P3 formation and calcium signaling in 3-kinase

transfected cells was similar during activation of receptors coupled to G-proteins (thrombin and bradykinin)

and those possessing intrinsic tyrosine kinase activity (PDGF). These findings support the role of

Ins(l,4,5)P3 as the major determinant of agonist-induced calcium signaling in fibroblasts, and indicate that

Ins(l,3,4,5)P4 does not contribute significantly to this process. Instead, Ins(l,4,5)P3 3-kinase may act as

a negative regulator of the Ca^'''-phosphoinositide signal transduction system.

The distribution of the previously defined AT, and AT2 subtypes of the AH receptor in the rat brain was



analyzed by topical autoradiography and competion with subtype-specific analogs. These studies revealed

that AT2 receptors were much more abundant in immature animals, and that ATj receptors were localized

in areas related to the regulation of blood pressure, fluid intake, and pituitary hormone secretion. In

contrast, AT2 receptors were prominent in several thalamic nuclei, geniculate nuclei, cerebellum, and other

regions. The abundance and differential localization of ATj receptors in young animals, and the age-

related changes in relative expression of the receptor subtypes, suggests that AH exerts specific actions

according to the developmental stage of the central nervous system.

The adrenocorticotropin (ACTH) receptor, which binds corticotropin and stimulates adenylate cyclase and

steroidogenesis in adrenocortical cells, was expressed in Xenopus laevis oocytes microinjected with rat

adrenal poly(A)"'' RNA. Expression of the ACTH receptor in individual stage 5 and 6 oocytes was

monitored by radioimmunoassay of ligand-stimulated cAMP production, which showed dose-dependent

increases in response to ACTH stimulation that were maximum 72 h after microinjection of adrenal

mRNA. Extracellular cAMP levels showed prominent linear increases from almost undetectable levels,

with up to 150-fold increases at 2 h after ACTH stimulation. Size fractionation of rat adrenal polyCA)"*"

RNA by sucrose density-gradient centrifiigation revealed that mRNA encoding the ACTH receptor was

present in the 1 . 1 to 2.0 kilobase fraction. These findings indicate that ACTH receptors can be expressed

from adrenal mRNA in Xenopus oocytes and are fiilly functional in terms of ligand specificity and signal

generation. The extracellular cAMP response to ACTH is a sensitive and convenient index of receptor

expression. This system should permit more complete characterization of the structural and functional

properties of the ACTH receptor.

The Unit on Molecular Structure and Protein Chemistry (Dr. H.-C. Chen) conducts research on the

analysis, synthesis, and structure-function studies of biologically active peptides and proteins. This

includes the identification and synthesis of unusual structures and sequences in peptides, and the

development of new techniques for peptide sequencing and synthesis. The structure-function relationship

of biologically important proteins is also investigated with emphasis on the study of protein structures and

physico-chemical characteristics in order to elucidate different molecular forms and structural requirements

for various biological activities.

Based on the deduced amino acid sequences of three recently cloned angiotensin II receptors, three

segments from different domains in the receptor protein were selected and synthesized by solid phase

methods. They were conjugated to thyroglobulin by a bifunctional active ester for the purpose of preparing

inmiunogens. Different strategies were employed in order to achieve a homogeneous linkage only at one

end of peptide. This allows the ftill extension of the peptide antigen and thus is expected to maximize the

specificity of the peptide antibodies. The first segment (residues 1-26, designated MK27) representing a

putative extracellular domain and having potential to contain in the structure both a-helix and loop

structure with high density of hydrophilic residues was selected. Similarly, the carboxyl-terminal portion

(residues 325-359, designated SE25) of the receptor protein was synthesized. SE25 may be the portion

which resides in the cytoplasm. Another peptide (residues 180-192, designated AP13) which contains one

putative glycosylation site was synthesized. These peptide antisera will be essential for

immunocytochemical studies of All receptor localization in target tissues, and for western blot analysis of

the expression and biochemical characterization of All receptors. Furthermore, antisera against MK27 and

AP13 will be relevant to studies on the inhibition of All binding to its receptors, and on the subsequent

biochemical responses. Such inhibition studies may also lead to the understanding of non ATj or AT3

receptor mediated ATI responses in certain target tissues. Similarly, the antiserum against SE25 will be

useftil to elucidate whether the carboxyl-terminal portion of the receptor is involved in signal transduction.



Synthetic magainin analogues (A, B, and G) that were developed in this laboratory are highly potent

against bacteria and protozoa, and inhibit the growth of various hematopoietic cell lines and normally

differentiated circulating lymphocytes. On the other hand, these peptides showed little cytotoxicity toward

erythrocytes and peripheral blood lymphocytes. In particular, magainin G was the most selective of the

peptides and had no detectable cytolytic effects. The investigation of antitumor activity of magainin A and

G was extended to small cell lung cancer (SCLC) cells. Patients with SCLC do not always respond to

standard combinations of chemotherapeutic agents. De novo or acquired resistance to these agents is often

recognized as a cause for failure of chemotherapy. Magainins act on cell membranes and elicit a broad

spectrum of antimicrobial and antitumor activities. Growth of several lines of SCLC cultures known to

differ in response to chemotherapeutic agents showed little variance in sensitivity to magainin A and G.

However, magainin A and G can be combined with chemotherapeutic agents with a resulting increase in

the inhibition of SCLC cell growth. These findings suggest that potent magainin analogues may have

potential for the development of anticancer drugs.

Circular dichroism studies of magainin B at high ^M concentrations in an aqueous buffer or the C- and

N-terminus dimerized analogues at low /iM showed a typical bimodal spectra indicative of a coiled-coil

conformation. The N-dimer assumes a helical structure more readily and is more stable than the C-

terminus-1 inked dimer. This coiled-coil structure may be induced by hydrophobic zipper-type interactions

between the phenyl rings of Phe residues at positions 5, 12, and 16. The coiled-coil motif is important

functionally and has been studied intensively in tropomyosin for muscle contraction, and in the leucine

zipper of transcriptional activator GCN4 and specific heterodimer formation by nuclear oncogene products.

Our results funiier illustrate that magainin analogues are ideal models for the study of peptide

conformation.

In other studies, a new class of anti-HIV proteins from unrelated plant species was isolated and purified

to homogeneity. These compounds, MAP 30, TAP 29, GAP 31, DAP 30 and DAP 32, inhibit HIV-1
infection as well as replication as measured by syncytium formation and viral core protein p24 expression

and HIV-associated reverse transcriptase. In dose range of the assays, these compounds show little or no

cytotoxicity in cell culture and toxicity to mice. Although these compounds exhibit ribosome inactivating

activity in reticulocyte translation systems, they have no detectable effect on intact normal cells.

Furthermore, Chen's group found a significant sequence homology between GAP 31 and Drosophila DNA
topoisomerase II. Indeed, they demonstrated for the first time the ability of GAP 31 and its homologous
DAP 30 and 32 to relax and decatenate supercoiled DNA and to catalyze double-stranded breakage forming

linear DNA. The dual capability of these proteins to act on RNA and DNA raises the possibility that they

act upon specific sequences with HIV RNA and viral associated DNA. Clearly, the proteins act at multiple

stages of the viral life cycle affecting both viral infection and replication. The mechanism of anti-HIV

action of these compounds remain to be elucidated. The basis of their specificity for HIV-infected cells

may lie in the selective binding or uptake of these agents by viral infected cells. Alternatively, they may
act on the biochemical differences in infected-cell metabolism as opposed to normal cell metabolism.

These mechanisms of action are not mutually exclusive, and some combination may account for the anti-

HIV action of these compounds. This new class of plant-derived anti-HIV agents may form an important

group of potential therapeutic drugs in the treatment of AIDS. Their therapeutic indices are in the range

of 1,000 to 10,000. The anti-HIV activity and low cytotoxicity of these agents has been confirmed in

human peripheral blood monocytes as well as in chronically infected macrophages. The question of how
effective these compounds will be, with each other or in combination with other anti-HIV drugs in the

treatment of AIDS, can only be answered by clinical trials.



In collaborative studies, the N-terminal portion and fragments from BrCN and trypsin cleavages of a rat

brain ADP-ribosylarginine hydrolase were isolated and sequenced. This enzyme catalyzes the reverse

reaction of ADP-ribosylation in the modification of proteins and participates in the regulation of normal

eukaryotic cell metabolism as well as in certain disease states. Based on these amino acid sequences, a

rat brain Lambda ZAP library was screened using oligonucleotide and PCR-generated cDNA probes which

permitted the assembly of a 1086-base pair open reading frame. The deduced protein sequence contains

amino acid sequences found in the purified 39 kDa hydrolase. By the same methodology, amino acid

sequences of tryptic fragments from a guinea pig pregnenolone-binding protein were obtained for the

cloning of a cDNA whose sequence deduced to a 34 kDa protein corresponding to adrenocortical estrogen

sulfotransferase.

The Section on Molecular Endocrinology (Dr. Maria Dufau) investigates the molecular basis of peptide

hormone action, with particular emphasis on the control of gonadal function, and analyzes the structure

and function of gonadotropin receptors as well as the hormone-regulated membrane coupling and

intracellular events involved in the modulation of steroid biosynthesis in testis and ovary. Current research

also includes the analysis of cell-to-cell conmiunication in the testis, and developmental aspects of Leydig

cell maturation and induction of regulatory mechanisms in the Leydig cell. This group also investigates

the properties and biological activity of stored and circulating gonadotropins in physiologic regulation and

in clinical disorders of pituitary and gonadal function.

Gonadotropins are the primary support for Leydig and Sertoli cell function, and the most prominent local

regulatory hormone of testicular function is testosterone, which is synthesized by the Leydig cells and acts

as the major paracrine stimulator of germ cell development. Many additional local regulatory substances

act as autocrine modulators and mediate paracrine interactions between the different intratesticular

compartments. These include growth factors, several neuropeptides such as GnRH and most importantly,

corticotropin releasing hormone (CRF) and opioids, and amines such as serotonin. Corticotropin-releasing

hormone factor, the key neuropeptide in the stress cascade, has major inhibitory actions on testicular

function in addition to its known antireproductive effects at the central level (inhibition of sexual behavior

and LH secretion). Leydig cells in culture are able to produce hypothalamic releasing hormones such as

CRF, which acts through distinct high-affinity receptors as a negative autocrine regulator of Leydig cell

function by inhibiting gonadotropin-stimulated cAMP generation and steroidogenesis. The secretion of

CRF by the Leydig cell is stimulated by LH, acting via release of serotonin (5HT) and autocrine activation

of 5HT2 receptors distinct from brain sites (DOI, an agonist for 5HT2 sites in the brain, acts as an

antagonist of the high-affinity sites and an agonist to the low-affinity site in the Leydig cell). Propranolol,

the prototype j8-adrenergic blocker frequently used in the control of blood pressure in patients with

hypertension, and often associated with impotence, acts in the Leydig cell via a serotonergic mechanism

to stimulate CRF secretion and causes marked inhibition of LH-induced cAMP production and

steroidogenesis. Propranolol, acting as an antagonist of the Leydig cell low-affinity receptor sites (with

properties of autoreceptors), promotes the release of serotonin which in turn acts through high-affinity sites

to stimulate CRF release. This serotonergic action of the drug could contribute to the impairment of sexual

function reported during propranolol treatment. Other studies revealed that another neuropeptide hormone,

growth hormone releasing hormone (GHRH), is present in the Leydig cell. The peptide is actively

released from cells in culture, is under gonadotropin control, and acts via a VIP receptor as a direct

stimulator of Leydig cell function/or facilitator of LH-induced cAMP production and steroidogenesis.

Since GHRH is also a stimulus of basal and FSH-stimulated Sertoli cell function, it is concluded that

testicular GHRH is an autocrine/paracrine positive regulator of male gonadal function. Altered secretion

and actions of testicular GHRH may be involved in certain disorders of androgen production and some



forms of male idiopathic infertility.

The region of transcriptional activity in the rat LH receptor gene has been localized within the 5' flanking

173 bp domain adjacent to the initiation codon in expressing and non-expressing cells. Repression of this

promoter activity in both cell types was induced by upstream elements in at least two domains. An
additional upstream inhibitory element present only in non-expressing cells is likely to participate in

constitutive r^ression ofLH receptors. Analysis of die 173 bp domain revealed two independent promoter

regions. The first domain between -1 and -137 bp carries no typical TATA or CAAT boxes, but does

contain SPl elements and initiator sites. A second promoter domain between nucleotides -120 and -173

is predominant in non-expressing cells. Tissue-specificDNA binding proteins, observed only in expressing

cells, are present for each of the promoter domains and may be important in tissue-specific regulatory

events. A protein common to both expressing and non-expressing cell types (C-box protein) may play a

central role in basal transcription. Complex regulatory patterns in LH receptor gene transcription can

reflect the alternate activation of these two promoter domains, and may be involved in hormone-induced

fluctuations of gene expression during gonadal maturation. In related studies, lactogen receptor

heterogeneity in the gonads was defined at the molecular level by the characterization of ovarian cDNA
clones coding for distinct receptor isoforms (clone Rl, coding for 80 kDa transmembrane form with short

cytoplasmic domain; LI, for a 40 kDa transmembrane with long cytoplasmic domain; and R2, a soluble

receptor form). Differential hybridization of ovarian mRNA demonstrated that the long form is derived

from the 9.7 and the 4.6 mRNA species. Two distinct mRNA species (1.8 and 2.1 kb) correspond to the

short transmembrane form with differences their non-coding regions. A 2.6 kb mRNA (not yet cloned or

the protein isolated) is a variant of the long transmembrane form with a truncated or altered extracellular

domain, and could be a constitutively active gene product. The 9.7 kb species is the only species observed

in early development, while the other forms are induced by FSH or LH. All five mRNA species are

expressed and regulated in a developmental stage-specific manner during gonadotropin-induced ovarian

maturation, luteinization, and desensitization. Coordinate up- and down-regulation of receptor binding

activities and mRNA levels by gonadotropin suggest that a common mechanism is involved in the

regulation of the two receptor mRNA's.

The Section on Metabolic Regulation (Dr. K.-P. Huang) studies the role of protein kinases and

phosphorylation-dephosphorylationof proteins in the regulation of cellular functions. Covalent modification

of proteins by protein kinase and phosphatase plays a central role in transducing extracellular signals

initiated by hormones, neurotransmitters, growth factors, and antigens. The receptor-mediated turnover

of membrane phospholipids results in the release of several second messengers such as inositol 1,4,5-

trisphosphate, diacylglycerol, and arachidonic acid. Inositol 1 ,4,5-trisphosphate triggers the release of

calcium from intracellular nonmitochondrial pools and both diacylglycerol and arachidonic acid stimulate

protein kinase C (PKC) to modulate numerous cellular responses. This signal transduction pathway has

been implicated in the regulation of cell growth, differentiation, gene expression, hormone and

neurotransmitter release, cell-surface receptor function, and cellular metabolism.

Multiple PKC subspecies have been identified by molecular cloning, but the functional role of each of these

enzymes is largely unknown. These enzymes were found to have distinct tissue, cellular, and subcellular

distributions and were differentially expressed during development. Since the activation of PKC results in

the phosphorylation of target proteins, several PKC substrates from rat brain have been isolated for

analysis of their physiological functions. Among them, a 78-amino acid CNS-specific calmodulin (CaM)-
binding protein, neurogranin, has been characterized as a specific PKC substrate. This protein is not

phosphorylated by other Ser/Thr protein kinases, such as cAMP- and cGMP-dependent protein kinases.



Ca^"''/CaM-dependent protein kinase 11 and myosin light chain kinase, and casein kinase I and H, nor by

tyrosine protein kinases for lack of a tyrosine residue. Phosphorylation of neurogranin by PKCs or

protease-degraded PKC (PKM) is inhibited more strongly by CaM in the absence than in the presence of

Ca^"*". The inhibitory eifect of CaM is apparently due to the formation of a stable complex between CaM
and neurogranin, that partially blocks the site of phosphorylation. Phosphorylation of neurogranin by PKC
prevents it from interacting with CaM. Thus, the interaction of neurogranin with CaM can be modulated

by [Ca^"*"]; and by phosphorylation with PKC. By using neurogranin-specific antibody for inmiunoblot

analysis, it has been demonstrated that in the presence of EGTA all the neurogranin in the rat brain

homogenate is associated with a CaM-like molecule, suggesting that this protein is a specific Ca^"*"-

independent CaM-binding protein. Because neurogranin is a specific substrate of PKC, a synthetic peptide

corresponding to the phosphorylation site of this protein is also likely to be a specific substrate of this

enzyme. Indeed, a 20-amino acid synthetic peptide corresponding to neurogranin Ala-^'-Ser**, and another

with a substitution of tryptophan for Phe^^, are specifically phosphorylated by PKC. Phosphorylation of

the Trp-containing peptide results in ~ 30% enhancement of emission fluorescence. This characteristic has

been used in the development of a spectrofluorimetric assay for PKC.

Members of the PKC enzyme family are highly enriched in the brain. So far, only the Ca^"^-dependent

group A PKCs, a, /S, and 7, have been extensively characterized; the properties of the Ca'^ """-independent

group B PKCs, 8, e, f, and rj, are largely unknown. PKC e from rat brain has been purified to near

homogeneity. Detection of this enzyme was performed by assay of the kinase activity with and without the

activator of PKC, and by immunoblot analysis with PKC e-specific antibody. Separation of PKC a, /S,

and 7 from PKC e was achieved by polylysine-agarose and hydroxylapatite column chromatography. Two
PKC e enzymes, designated Cj and 62, with distinct biochemical characteristics have been identified. Both

kinase fractions contained 94-96 kDa protein bands that were specifically recognized by PKC e-specific

antibodies. PKC €j exhibits activator-dependent kinase activity, whereas PKC 63 is independent of the

activator. Conversion of e^ to e2-like activity can be achieved by incubation of the former with Ca^""" and

PS/DAG. It appears that PKC e may exist in activator-dependent and -independent forms, and that the

latter may be responsible for the expression of sustained kinase activity when the stimulatory signal

subsides.

In other studies, the genomic structures of the CNS-specific PKC 7 and neurogranin were analyzed for the

purpose of defining tissue-specific and development-regulated expression of these proteins. PKC 7 is one

of the PKC isozymes specifically expressed in the adult brain. During brain development, this kinase is

expressed at a low level in the fetus and neonate one week after birth, and rapid synthesis occurs between

2 and 3 weeks of age. A similar pattern of expression of neurogranin, a brain-specific PKC substrate, was

also observed. Both PKC 7 and neurogranin have similar cellular and subcellular localizations in most

regions of the brain, except that neurogranin is not present in the cerebellum. Three overlapping genomic

clones of PKC 7, covering about 32 kb spaiming from the 5 '-flanking region to the V4, and a 11 kb clone

containing the 5'-flanking region of neurogranin, have been identified. By using DNAse I footprinting and

gel mobility shift assays with nuclear extracts from rat tissues either expressing PKC 7, such as adult

brain, or not expressing PKC 7, such as fetal brain, liver, and spleen, we have identified multiple nuclear

protein binding sites in the promoter region, extending from -1612 to -1-243. At least sixteen common
regulatory elements were identified using nuclear extracts from fetal and adult rat brains, liver, and spleen.

In addition, we have identified a binding site that appears to be specific for nuclear protein from spleen

and another site for which binding protein(s) are present only in tissues that do not express PKC 7, such

as fetal brain, liver, and spleen. This latter site has the sequence GAATTAATAGG, at -699 to -679. The

expression of rat brain nuclear protein(s) bound to this site appears to be developmentally regulated in a



manner inversely related to the expression of PKC 7. In contrast, the levels of these binding proteins in

the PKC 7-nonexpressing tissues, such as liver and spleen, remain nearly constant during development.

It appears that the binding protein(s) for this site may participate in negative regulation of PKC 7. It would

be of interest to determine if this same nuclear protein binding site is also present in the promoter of the

neurogranin gene, whose expression parallels that of PKC 7 during development. The structural features

of neurogranin gene promoter region are currently under investigation.

The Section on Adrenal Cell Biology (Dr. C. Strott) investigates the physiology and regulation of adrenal

steroidogenesis, by characterization of cellular steroid binding proteins and soluble factors which mediate

steroidogenic responses to ACTH, and analysis of cellular mechanisms of cholesterol utilization in steroid

biosynthesis. The Section is also interested in the development of adrenocortical zonation and the

regulation of adrenal steroidogenesis.

A primary function of the adrenal cortex is the production of glucocorticoids and mineralocorticoids,

steroid hormones that play indispensable roles in maintenance of the internal milieu. The adrenal cortex,

however, is capable of producing all known classes of biologically active steroids, including estrogens,

androgens and progestens. It is unclear what biological effect these steroids may have on the adrenocortical

cell. In addition, many steroids produced by the adrenal cortex are products of reactions that branch from

general synthetic schemes and the biological import of these metabolic products is also not known.

The research program of the SACB is concerned with the complex process of steroidogenesis in the

mammalian adrenal cortex, a process that encompasses both steroid biosynthesis and steroid metabolism.

Current research is focused on elucidating the fimctional role of three unique adrenocortical steroid-binding

proteins, two of which are cytosolic while the third is a nuclear protein. The nuclear protein, which

specifically binds progesterone with high affmity, binds to DNA and is regulated by ACTH. The possibility

that the nuclear progesterone-binding protein represents a truncated C-terminal 50 kDa form of the

progesterone receptor that contains the steroid- and DNA-binding domains is under investigation.

The two cytosolic proteins require a co-factor that we have identified as 3 ',5 '-adenosine diphosphate for

steroid binding activity. We have also determined that the cytosolic steroid-binding proteins belong to a

poorly understood class of adrenocortical enzymes known as steroid sulfotransferases. One of the cytosolic

proteins binds pregnenolone (PST), the product of the rate-limiting step in steroid synthesis. This protein

has now been isolated, sequenced and is currently being cloned. The other cytosolic protein, which binds

estradiol (EST), has been purified and the cDNA cloned and expressed; furthermore, the 5'-flanking region

of the cognate gene for EST has been cloned revealing motifs related to steroid response elements.

Transfection studies employing the adrenocortical tumor cell line SW-13 and the luciferase reporter gene

have revealed that EST promoter activity is enhanced by estradiol in a dose-dependent maimer; in addition,

Cortisol and progesterone produce additive effects with estradiol on promoter activity. These results clearly

indicate that the EST gene can be hormonally regulated by steroids. Further experiments utilizing the

method of gel shift analysis have revealed the presence of three classes of transacting factors. The latter

are in the process of being purified, and the cis-acting elements will be identified by DNA foot-printing.

The mammalian adrenal cortex is composed of three concentric zones, each consisting of more or less

uniform populations of cells that are differentially hormonally regulated. Immunocytochemical studies

indicate that PST is present only in reticularis cells of the innermost zone, EST is present in reticularis and

fasciculata cells (middle zone), while glomerulosa cells of the outermost zone contain neither protein.

Thus, this becomes an interesting model in which to examine the differential expression of specific genes.
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This project is concerned with the analysis, synthesis, and structure-function relationships of biologically

active peptides. During this project year, (1) the design and synthesis of peptide antigens for immunological

studies of the structure-function relationships of receptor molecules, (2) peptide conformation and peptide

membrane interactions in relation to biological activity or a modified activity spectrum are the focus. Three

segments from different domains of a recently cloned angiotensin n receptor sub-type were selected,

synthesized and conjugated to thyroglobulin. Different strategies were employed in order to achieve

homogeneous linkage only at one point of the peptide in an attempt to maximize the specificity of the

generated antibodies. Three segments, The N-terminal peptide, res. 1-26, the C-terminal portion, res. 325

359 and a putative glycopeptide segment, res. 180-192 and their thyroglobulin conjugates were prepared

Generation of antisera against these peptides is in progress. The antisera when available will have great

utility for the study of angiotensin II receptor tissue distributions, expression and inhibition of AD associatec

sign^ transduction.

Synthetic magainins A (MA) and G (MG) are highly potent against bacteria and protozoa. These two

peptides were also tested against six small cell lung cancer cells (SCLC). The average IC50 of MA and MG
were almost equally potent (8.64 vs. 8.82 /iM) where the most effective chemotherapeutic agent, cisplatic

yielded IC50=2.6 /tM. Despite a 10- fold difference in sensitivity among different SCLC to standarc

chemotherapeutic agents, the IC50 of MA or MG differs by < 3-fold. The toxicity of MA or MG against

fibroblast cell lines was insignificant. Approximately 50-100% synergistic effects were observed when MA
or MG were used in conjunction with cisplatin or etoposid.

An interaction of two helical chains can be characterized by measuring a ratio of ellipticities at 222 ([6]222)

and 208 ([0]2O8) on CD spectra. Although MB generally shows no secondary structure in aqueous solution

it not only displays a spectrum indicative of a-helix but also yields a ratio ([9]222/[0]2O8) of greater than

one if the peptide concentration exceeds 300 (iM. This led us to investigate the CD spectra of dimeric MB
analogues cross-linked with added cystine at either N- or C-terminus. Both dimeric analogues displays a

ratio greater than 1 at 0.5 /iM level. The N-dimer promotes helical formation more effectively and the

helices are more stable than those of C-dimer. These results further support the ability of MB to form

helical coiled-coil structure. This structure may be induced by the hydrophobic zipper-type interactions

between the phenyl rings of Phe residues at positions 5, 12, and 16.
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This project focuses on the biochemical characterization of a series of single chain ribosome inactiyating

proteins (SCRIPs) of plant origin, which alsoinhibit infection and replication of human immunodeficiency

virus (HFV-l). During this reporting period, GAP 31 from the seeds of Gelonium multiflorum . and DAP 3(

and DAP 32 from pink carnation leaves (Dianthus caryophyilus') have been purified to homogeneity. They
are basic proteins, 31, 30 or 32 kDa, respectively in size and exhibit dose-dependent inhibition of cell fre€

HIV-l infection and replication as measured by syncytium formation, p24 expression and HIV reverse

transcriptase activity in HFV-l infected H9 T-lymphocytes. No toxicity to cellular DNA and proteir

synthesis of intact host cells can be detected at the dose level 3-4 orders of magnitude higher than the level

effective against the infection and replication of HIV. The sequence analyses of the N-terminal 60 amino
acid residues have revealed little homology to previously known anti-HIV/SCRIPs. However, the homology
can be aligned at Phe, Tyr, Ser/Thr. A basic residue at the unique positions 10-16 is also present consistem

with the notion that it has an important role in reducing cytotoxicity of these proteins toward host cells. A
significant homology was found between residues 1-40 of GAP 31 and 660-699 of Drosophila DNA
topoisomerase (TIase) II. This segment is conserved between TIase II and other TIases. Indeed, GAP 31,

DAP 30 and DAP 32 irreversibly relax and decatenate supercoiled DNA and catalyze double-strandec

breakage to form linear DNA. The relaxed products are topologically inactive and no longer serve as

substrate for DNA gyrase, a phenomenon similar to that of cellular TIase in the presence of TIase poisons

The ability of these anti-HIV agents to interrupt essential topological interconversions of DNA suggests thai

their anti-HIV activity may not be merely a consequence of ribosome inactivation. Dual capability to act on

DNA and RNA modifications may provide a novel mechanism for their antiviral action.

A rat brain ADP-ribosylarginine hydrolase was sequenced for the N-terminal portion and fragments from
BrCN and trypsin cleavages. Based on these amino acid sequences, a rat brain Lambda ZAP library was

screened using oligonucleotide and PCR-generated cDNA probes which permitted the assembly of a 1086-

base pair open reading frame. The deduced protein sequence contains amino acid sequences found in the

purified 39 kDa hydrolase. By the same methodology, amino acid sequences of tryptic fragments from a

guinea pig pregnenolone-binding protein were obtained for the cloning of a cDNA whose sequence deduced

to a 34 kDa protein corresponding to adrenocortical estrogen sulfotransferase.

PHS 6040 (R«v. 5/921





NOTICE OF INTRAMURAL RESEARCH PROJECT ZOl HD 00147-17-ERRB

PERIOD COVERED

October 1, 1991 to September 30, 1992
TITLE OF PROJECT (80 ehMimefn Of A*>s. Tith mua fh on on* Sn» bttw—n tht bonlon.)

Mechanism of Action of Peptide Hormones in Steroidogenic Cells

PRINCIPAL INVESTIGATOR ILitt othv profmstiona/ pononnol bataw the Prindpml Innnigatof.) (Name, tkh, Imboato/y, and httituta afOmtionj

PI: M.L. Dufau Head, SME ERRB, NICHD

OTHERS: Y.-C. Koh Visiting Associate ERRB, NICHD
J.C. Tinajero Visiting Associate ERRB, NICHD
E. Buczko Adjunct Scientist ERRB, NICHD
A. Fabbri Adjunct Scientist ERRB, NICHD
T. Ciampino Adjunct Scientist ERRB, NICHD

COOPERATING UNITS fif anyl

Contract for preparation of gonadal cells and cell fractions HD-6-2904

LAB/BRANCH

Endocrinology and Reproduction Research Branch
SECTION

Section on Molecular Endocrinology
INSTITUTE AND LOCATION

NICHD. NIH. Bethesda. Maryland 20892
TOTAL STAFF YEARS:

2.5

PROFESSIONAL:

2.5

OTHER;

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects D (b) Human tissues D (c) Neither

D (al) Minors
D (a2) Interviews

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

Gonadotropins are the primary support for Leydig and Sertoli cell ftinction, and the most prominent local

regulatory hormone of testicular function is testosterone, which is synthesized by the Leydig cells and acts as

the major paracrine stimulator of germ cell development. Many additional local regulatory substances act as

autocrine modulators and mediate paracrine interactions between the different intratesticular compartments.

These include growth factors, several neuropeptides such as GnRH and most importantly, corticotropii]

releasing hormone (CRF) and opioids, and amines such as serotonin. Corticotropin-relea.<;ing hormone
factor, the key neuropeptide in the stress cascade, has major inhibitory actions on testicular function in

addition to its known antireproductive effects at the central level (inhibition of sexual b^avior and Lfi

secretion). Leydig cells in culture are able to produce hypothalamic releasing hormones such as CRF, which

acts through distinct high-affinity receptors as a negative autocrine regulator of Leydig cell function by

inhibiting gonadotropin-stimulated cAMP generation and steroidogenesis. The secretion of CRF by the

Leydig cell is stimulated by LH, acting via release of serotonin (5HT) and autocrine activation of 5HT2
receptors distinct from brain sites (DOI, an agonist for SHT2 sites in the brain, acts as an antagonist of the

high-affinity sites and an agonist to the low-affinity site in the Leydig cell). Propranolol, the prototype /S-

adrenergic blocker frequently used in the control of blood pressure in patients with hypertension, and often

associated with impotence, acts in the Leydig cell via a serotonergic mechanism to stimulate CRF secretion

and causes marked inhibition of LH-induced cAMP production and steroidogenesis. Propranolol, acting as

an antagonist of the Leydig cell low-affinity receptor sites (with properties of autoreceptors), promotes the

release of serotonin which in turn acts through high-affinity sites to stimulate CRF release. This

serotonergic action of the drug could contribute to the impairment of sexual function reported during

propranolol treatment. Other studies revealed that another neuropeptide hormone, growth hormone releasing

hormone (GHRH), is present in the Leydig cell. The peptide is actively released fi-om cells in culture, is

under gonadotropin control, and acts via a VIP receptor as a direct stimulator of Leydig cell function/or

facilitator of LH-induced cAMP production and steroidogenesis. Since GHRH is also a stimulus of basal

and FSH-stimulated Sertoli cell function, it is concluded that testicular GHRH is an autocrine/paracrine

positive regulator of male gonadal function. Altered secretion and actions of testicular GHRH may be

involved in certain disorders of androgen production and some forms of male idiopathic infertility.
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NOTICE OF INTRAMURAL RESEARCH PROJECT ZOl HD 00150-17-ERRB

PERIOD COVERED

October 1, 1991 to September 30. 1992
TITLE OF PROJECT 180 ehtiaenn orlm. Tith mutt fh on on* fif bitwm tho boidon.)

Characterization of Gonadal Receptors and Gonadotropin Biological Activity

PRINQPAL INVESTIGATOR IList othv pmfeaional pvtonnal balow th» Principal tnvttigitof.l (Ntmt, thh. Itboatory. mnd inttHuu tfTilutionj

PI: Maria L. Dufau Chief, SME ERRB, NICHD
Others: C.-H. Tsai Morris Sr. Staff Fellow

E. Buczko Adjunct Scientist

R. Zhang Adjunct Scientist

X. Xie NRSA Fellow

C. Delgado NRSA Fellow

W. Wang Adjunct Scientist

ERRB, NICHD
ERRB ,NICHD
ERRB, NICHD
ERRB ,NICHD
ERRB, NICHD
ERRB. NICHD

COOPERATING UNITS fif any!

Contract for preparation of gonadal cells and cell fractions HD-6-2904
University of Virginia, Department of Medicine, Charlottesville, VA (J. Veldhuis)

LAB/BRANCH

Endocrinology and Reproduction Research Branch
SECTION

Section on Molecular Endocrinology
INSTITUTE AND LOCATION

NICHD. NIH. Bethesda. Maryland 20892
TOTAL STAFF YEARS:

1.5

PROFESSIONAL:

1.5

OTHER:

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects D (b) Human tissues

D (a1) Minors

D (a2) Interviews

n (c) Neither

SUMMARY OF WORK (Use standard unmducad typ*. Do not axcaed tha apaea pmvidad.)

The region of transcriptional activity in the rat LH receptor gene has been localized within the 5' flanking

173 bp domain adjacent to the initiation codon in expressing and non-expressing cells. Repression of this

promoter activity in both cell types was induced by upstream elements in at least two domains. Ae

additional upstream inhibitory element present only in non-expressing cells is likely to participate ir

constitutive repression of LH receptors. Analysis of the 173 bp domain revealed two independent promoter

regions. The first domain between -1 and -137 bp carries no typical TATA or CAAT boxes, but does

contain SPl elements and initiator sites. A second promoter domain between nucleotides -120 and -173 is

predominant in non-expressing cells. Tissue-specific DNA binding proteins, observed only in expressing

cells, are present for each of the promoter domains and may be important in tissue-specific regulatory

events. A protein common to both expressing and non-expressing cell types (C-box protein) may play a

central role in basal transcription. Complex regulatory patterns in LH receptor gene transcription can reflect

the alternate activation of these two promoter domains, and may be involved in hormone-induced fluctuations

of gene expression during gonadal maturation. Lactogen receptor heterogeneity in the gonads has been

defined at the molecular level by the characterization of ovarian cDNA clones coding for distinct receptor

isoforms (clone Rl, coding for 80 kDa transmembrane form with short cytoplasmic domain; LI, for a 40

kDa transmembrane with long cytoplasmic domain; and R2, a soluble receptor form). Difi'erential

hybridization of ovarian mRNA demonstrated that the long form is derived from the 9.7 and the 4.6 mRNA
species. Two distinct mRNA species (1.8 and 2.1 kb) correspond to the short transmembrane form with

differences their non-coding regions. A 2.6 kb mRNA (not yet cloned or the protein isolated) is a variant oi

the long transmembrane form with a truncated or altered extracellular domain, and could be a constitutivel)

active gene product. The 9.7 kb species is the only species observed in early development, while the other

forms are induced by FSH or LH. All five mRNA species are expressed and regulated in a developmental

stage-specific manner during gonadotropin-induced ovarian maturation, luteinization, and desensitization

Coordinate up- and down-regulation of receptor binding activities and mRNA levels by gonadotropin suggesl

that a common mechanism is involved in the regulation of the two receptor mRNA's.
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Regulation of Gonadal Function
PRINaPAL INVESTIGATOR (List othf pmfmsaionml paraonrfl bahw tha Prindpm/ Invuatigatoi.l INarm, title, hbomtory, mnd mahutt mfTilmtianl

PI: K.J. Catt Head, SHR ERRB, NflCHD
Others: C. Moretti Adjunct Scientist ERRB, NflCHD

J. Ohnishi Guest Researcher ERRB, NICHD
A. Bagnato Adjunct Scientist ERRB, NICHD

COOPERATING UNITS (U tny)

University of Rome "La Sapienza" (G. Frajese, C. Moretti)

LAB/BRANCH

Endocrinology and Reproduction Research Branch
SECTION

Section on Hormonal Regulation
INSTITUTE AND LOCATION

NICHD. NIH. Bethesda. MP 20892
TOTAL STAFF YEARS: PROFESSIONAL: OTHER:

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects D (b) Human tissues D (c) Neither

D (al) Minors
D (a2) Interviews

SUMMARY OF WORK (Uae standard unraducad type. Do not exceed the apace provided.)

TERMINATED
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PERIOD COVERED

October 1. 1991 to September 30. 1992
TITLE OF PROJECT ISO ctitmctvt or Imts. Tnh mu*l fit on ant fna btwn th» botdan.)

Regulation of Pituitary Hormone Secretion
PRINQPAL MVESTIGATOR ILixt othv pm/maional pononnal bohw th» Prindpol lnvstig»tor.l (Nam. title, tabontory, mnd instituf tffilmtioni

PI: K. J. Catt Head, SHR ERRB, NICHD
Others: S. Stojilkovic Visiting Scientist ERRB, NICHD

M. Tomic Visiting Fellow ERRB, NICHD
L. Zheng Visiting Fellow ERRB, NICHD
J. Reinhart IRTA Fellow ERRB, NICHD
L. Krsmanovic Adjunct Scientist ERRB, NICHD
M. Cesnjaj Adjunct Scientist ERRB, NICHD

COOPERATING UNITS Gf any)

Lab of Cell Biology and Genetics, NIDDK (E. Rojas, M. Kukuljan)

Contract for preparation of adrenal and pituitary cells NOl-HD-0-2806

LAB/BRANCH

Endocrinology and Reproduction Research Branch
SECTION

Section on Hormonal Regulation
INSTITUTE AND LOCATION

NICHD. NIH. Bethesda. MD 20892
TOTAL STAFF YEARS:

6J
PROFESSIONAL

6.5

OTHER:

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects D (b) Human tissues D (c) Neither

D (al) Minors
D (a2) Interviews

SUMMARY OF WORK (Use standard unraducad typa. Do not axcaad tha apaca prmidad.)

The receptors and signal transduction mechanisms of gonadotropin-releasing hormone (GnRH) were studiec

in cultured pituitary gonadotrophs, in which gonadotropin secretion is stimulated by GnRH and other factors

including oxytocin and endothelin. Endothelin (ET) was found to bind to high-affinity receptors of the ET-A
subtype in the pituitary gland, and to cause rapid increases in phosphoinositide hydrolysis, cytoplasmic

calcium, and LH secretion. The action of ET on gonadotrophs was notable for its rapid desensitization

which was concomitant with internalization of the ET-recq)tor complex. The mechanism of the calcium

signaling response in GnRH-stimulated gonadotrophs, which is manifested in single cells as prominent dose

dependent oscillatory to biphasic cytoplasmic calcium elevations, was further analyzed by patch clamping
and fluorimetric assay of calcium responses in individual gonadotrophs. Most gonadotrophs exhibited

spontaneous low-amplitude calcium fluctuations that were due to intermittent firing of nifedipine-sensitive

action potentials. The activity of this membrane oscillator was terminated by GnRH, which initiated high-

amplitude cytoplasmic calcium oscillations and concomitant changes in membrane potential (Vm). The onset

of the agonist-induced calcium oscillations was associated with hyperpolarization of the plasma membrane,
interrupted by regular waves of depolarization with firing action of potentials at the peak of each wave. The
phases of hyperpolarization were synchronous with the agonist-induced cytoplasmic calcium transients, such

that Vm maxima alternated with peak elevations of calcium. The Vm oscillations were found to result from
repetitive activation of apamine-sensitive potassium channels by the elevation of cytoplasmic calcium. The
synchronization between electrical activity and calcium spiking shows that the operation of the cytoplasmic

oscillator can be integrated with that of a plasma-membrane oscillator to maintain the prolonged calcium

signal during sustained agonist stimulation. In addition to its effects on pituitary hormone secretion, ET was

found to act on cultured hypothalamic neurons and immortalized GTl neuronal cells to stimulate inosito

phosphate production. This response was mediated by ET-A receptors and was accompanied by stimulatior

of GnRH release in both normal and transformed neurons. Since ET is also produced by culturec

hypothalamic cells, the locally formed peptide could participate in the hypothalamic control of gonadotropin

secretion. Both cultured hypothalamic neurons and GTl cells exhibited spontaneous pulsatile release of

GnRH, comparable to that observed in v/vo. This spontaneous activity was dependent on calcium entry

through voltage-sensitive channels. Thus, pulsatile neuropeptide secretion is an intrinsic property of GnRH
neuronal networks, and may underlie the activity of the pulse generator in vivo.
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K.H. Chen Senior Staff Fellow ERRB, NICHD
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T. Sato Guest Researcher ERRB, NICHD
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Lab of Molecular Cardiology, NHLBI, NIH (J.R. Sellers); Lab of Biochemistry, NCI, NIH (S.H. WUson);

Carnegie Institute of Washington, Baltimore, MD (S.L. McKnight)

LAB/BRANCH

Endocrinology and Reproductive Research Branch
SECTION

Section on Metabolic Regulation
INSTITUTE AND LOCATION

NICHD. NIH. Bethesda. MD 20892
TOTAL STAFF YEARS: PROFESSIONAL: OTHER:

CHECK APPROPRIATE BOX(ES|

D (a) Human subjects D (b) Human tissues D (c) Neither

D (a1) Minors
D (a2) Interviews

SUMMARY OF WORK (Use standaid unmducad type. Do not exceed the spece pmvided.)

Phosphorylation-dephosphorylation of proteins is one of the most important mechanisms for the regulation ol

cellular functions. Protein kinase C (PKC) has emerged as a pivotal regulatory element for the regulation of

many cellular functions. Multiple PKC subspecies have been identified by molecular cloning, however, the

functional role of each of these enzymes is largely unknown. These enzymes were found to have distinct

tissue, cellular, and subcellular distributions and were differentially expressed during development. Since the

activation of PKC results in the phosphorylation of target proteins, we have isolated several PKC substrates

from rat brain for analysis of tfieir physiological functions. Among them, a 78-amino acid CNS-specific

calmodulin (CaM)-binding protein, neurogranin, has been characterized as a specific PKC substrate. This

protein binds CaM in the absence of Ca2+ at a region adjacent to the phosphorylation site and thus becomes

a poor substrate for PKC. Phosphorylation of neurogranin by PKC promotes its dissociation from CaM. The

formation of neurogranin/CaM complexes in the absence of Ca2+ was also observed in rat brain

homogenate, suggesting that neurogranin is a specific Ca2+ -independent CaM-binding protein. A synthetic

peptide corresponding to the site of phosphorylation and CaM-binding domain of neurogranin was found to

be phosphorylated by PKC but not by other protein kinases. A substitution of tryptophan for phenylalanine

enables this peptide to increase fluorescence upon phosphorylation, a characteristic useful for

spectrofluorimetric assay of PKC. The Ca2+ -independent group B PKC 6 and e have been isolated from rat

brain particulate and soluble fractions, respectively. These enzymes are free from contamination of the

Ca2 -I- -dependent group A PKC a, /S, and 7. Two forms of PKC e, a PS/DAG-dependent el and

independent el, have been isolated by chromatography on Mono Q column. Conversion of PKC el to £2 was

achieved by incubation of the former with Ca2-l- and PS/DAG, although the kinase activity inherent in PKC
el is independent of Ca2-»-. Thus, the rec^tor-mediated hydrolysis of phosphoinositides could trigger the

activation of all PKCs and promote the conversion of PKC e into the effector-independent enzyme for

sustained activation when the stimulatory signal subsides. The genomic structures of CNS-specific PKC 7
and neurogranin were analyzed for the purpose of defining tissue-specific and development-regulated

expression of these two proteins. Multiple nuclear protein binding elements in PKC 7 gene have beer

identified by footprint and gel mobility shift assays. A potential negative regulatory element-binding protein,

its expression is inversely related to the expression of PKC 7, was identified in fetal rat brain nucleai

extract. The structural feature of the neurogranin gene is currently under investigation.
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TITLE OF PROJECT ISO ehtmaan or lata. Titit must fit on one In* btw—n tho boidfa.)

Angiotensin n Receptors and Activation Mechanisms
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PI: K.J. Catt Head, SHR ERRB, ISflCHD

Others: T. Balla Visiting Scientist ERRB, NICHD
A.J. Baukal Chemist GS-12 ERRB, NICHD
K. Sandberg Sr. Staff Fellow ERRB, NICHD
H. Ji Visiting Fellow ERRB, NICHD
C. Ambroz NRSA Fellow ERRB, NICHD
L. Mertz NSF Fellow ERRB, NICHD
A. Sakai Visiting Fellow F.RRR, NTCHn

COOPERATING UNITS Bf any)

Dept of Physiology, Semmelweis University Medical School, Budapest

Laboratory of Biochemistry, NHLI, NIH (S.G. Rhee)

LAB/BRANCH

Endocrinology and Reproductive Research Branch
SECTION

Section of Hormonal Regulation
INSTITUTE AND LOCATION

NICHD. NIH. Bethesda. Maryland 20892
TOTAL STAFF YEARS:

7.0

PROFESSIONAL;

7.0

OTHER:

CHECK APPROPRIATE BOXIESI

D (a) Human subjects D (b) Human tissues D (c) Neither

D (a1) Minors
D (a2) Interviews

SUMMARY OF WORK IUi» standard unraduead typa. Do not axcaad the ipaca pmvidad.l

Studies on the receptors and signal transduction mechanisms of angiotensin II (AH) and ACTH were

performed in adrenal glomerulosa cells and Xenopus laevis oocytes. A novel All receptor subtype was

cloned from the zona glomerulosa of the rat adrenal gland, and was shown to be coupled to calcium

mobilization in oocytes and transfected COS cells. This receptor subtype (ATIB or ATS) is preferentially

expressed in the adrenal and pituitary glands, and may mediate selective actions of All in these tissues. The
mas oncogene, which has been proposed to encode an AH receptor, was found to increase the responsiveness

of pre-existing All receptors in oocytes and transfected cells, but is not itself an All receptor. In Xenopus
oocytes, the finding that activation of All receptors on follicular cells sends a signal through gap junctions to

elevate cytoplasmic calcium within the oocyte was extended to identify the nature of the intercellulai

communication process. The All-reguIated process of signal transfer was found to operate through ai

Ins(l,4,5)P3-d^endent mechanism rather than through transfer of calcium into the oocyte and subsequent

calcium-induced calcium release. The roles of Ins(l,4,5)P3 and Ins(l,3,45)P4 in calcium signaling were

analyzed in fibroblasts transfected with rat brain Ins(l,4,5)P3 3-kinase. In such cells, the marked over-

production of Ins(12,3,4,5)P4 was associated with a decrease in Ins(l,4,5)P3 levels and commensurate
attenuation of the cytoplasmic calcium signal. The reduction in Ins(l,4,5)P3 formation and calcium

signaling in 3-kinase transfected cells was similar during activation of both G-protein coupled receptors and

growth factor receptors. These findings support the role of Ins(l,4,5)P3 as the major determinant ol

agonist-induced calcium signaling, and indicate that Ins(l,3,4,5)P4 does not contribute significantly to this

process. The distribution of the previously defined ATI and AT2 subtypes of the All receptor in the rai

brain revealed that AT2 receptors were much more abundant in immature animals, and that ATI receptors

were localized in areas related to the regulation of blood pressure, fluid intake, and pituitary hormone
secretion. The abundance and differential localization of AT2 receptors in young animals, and the age-relatec

changes in relative expression of the receptor subtypes, suggests tiiat All exerts specific actions according tc

the developmental stage of the central nervous system. The adrenal receptor for ACTH was expressed ic

Xenopus oocytes and shown to be coupled through Gs to activation of adenylate cyclase. The extracellulai

cAMP response to ACTH is a sensitive index of receptor expression in oocytes, and was utilized to

demonstrate that the adrenal ACTH receptor is encoded by a 1.1-2.0 kb mRNA that can be functionally

identified in frog oocytes.
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PI:

Others:
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Head, SACB

Chemist

Senior Staff Fellow

Visiting Fellow

ERRB, NICHD

ERRB, NICHD
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ERRB, NICHD

COOPERATING UNITS fif any)

Armed Forces Radiological Research Institute (Dr. Mark Whitnall)

Laboratory of Biochemistry, NHLBI (Dr. Henry M. Fales)

Section nn Molecular Stnictiire and Protein Chemistry NTCHD (Tjt Han Chia Chen)
LAB/BRANCH

Endocrinology and Reproduction Research Branch
SECTION

Section on Adrenal Cell Biology (SACB)
INSTITUTE AND LOCATION

NICHD. NIH. Bethesda. Maryland 20854
TOTAL STAFF YEARS:

4.0

PROFESSIONAL;

4.0
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D (a) Hunnan subjects D (b) Human tissues

D (a1) Minors
D (a2) Interviews

D (c) Neither

SUMMARY OF WORK (Use stenderd unreduced type. Do not exceed the provided.)

A primary function of the adrenal cortex is the production of glucocorticoids and mineralocorticoids,

steroid hormones that play indispensable roles in maintenance of the internal milieu. The adrenal cortex,

however, is capable of producing all known classes of biologically active steroids, including estrogens,

androgens and progestens. It is unclear what biological effect these steroids may have on the adrenocortical

cell. In addition, many steroids produced by the adrenal cortex are products of reactions that branch from

general synthetic schemes and the biological import of these metabolic products is also not known.

The research program of the SACB is concerned with the complex process of steroidogenesis in the

mammalian adrenal cortex, a process that encompasses both steroid biosynthesis and steroid metabolism.

Current research is focused on elucidating the functional role of three unique adrenocortical steroid-binding

proteins, two of which are cytosolic while the third is a nuclear protein. The nuclear protein, which

specifically binds progesterone with high affinity, binds to DNA and is regulated by ACTH. The possibilit)

that the nuclear progesterone-binding protein represents a truncated C-terminal 50 kDa form of the

progesterone receptor that contains the steroid- and DNA-binding domains is under investigation.

The two cytosolic proteins require a co-factor that we have identified as 3',5'-adenosine diphosphate for

steroid binding activity. We have also determined that the cytosolic steroid-binding proteins belong to a

poorly understood class of adrenocortical enzymes known as steroid sulfotransferases. One of the cytosolic

proteins binds pregnenolone (PST), the product of the rate-limiting step in steroid synthesis. This protein has

now been isolated, sequenced and is currently being cloned. The other cytosolic protein, which binds

estradiol (EST), has been purified and the cDNA cloned and expressed; furthermore, tiie 5'-flanking region

of the cognate gene for EST has been cloned revealing motifs related to steroid response elements. In

addition to cis-acting elements, transacting factors have also been discovered.

The mammalian adrenal cortex is composed of three concentric zones, each consisting of more or less

uniform populations of cells that are differentially hormonally regulated. Immunocytochemical studies

indicate that PST is present only in reticularis cells of the innermost zone, EST is present in reticularis and

fasciculata cells (middle zone), while glomerulosa cells of the outermost zone contain neither protein. Thus,

this becomes an interesting model in which to examine the differential expression of specific genes.
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Human Genetics Branch

Members of the Human Genetics Branch perform both clinical and basic research into the etiology,

diagnosis, and therapy of human genetic diseases. Clinical attention is directed toward the study of

inborn errors of metabolism and other heritable disorders of children. Investigators admit patients

to the 9 West pediatric ward of the NIH Clinical Center under protocols to study rare diseases. These

disorders are chosen for the benefit that can be offered to affected patients, but also for their ability

to define normal processes by identifying the causes of abnormal processes. All the clinical

researchers in the Branch also perform basic research involving the diseases under investigation. The

four groups providing clinical care as well as performing basic research include the Section on Human

Biochemical Genetics, the Section on Connective Tissue Disorders, the Unit on Neurogenetics, and

the Unit on Genetic Disorders of Secreted Proteins. Four other groups perform basic studies only,

but the research is related to human development or disease processes. These groups include the

Section on Cellular Differentiation, the Section on Developmental Genetics, the Section on Genetic

Disorders of Drug Metabolism, and the Unit on Genetic Diseases Involving Cystine Storage. All four

basic research groups interact closely with their clinical counterparts on a technical level, as

exemplified by a joint project on liver gene therapy for tyrosinemia type I (vide infra).

The Section on Human Biochemical Genetics, under the direction of William Gahl, pursues

biochemical disorders which illuminate important new pathways in cell biology and which may be

amenable to therapy. One such disorder is nephropathic cystinosis, a lysosomal storage disease in

which impaired transport of the disulfide amino acid cystine out of lysosomes results in cellular

destruction. The disease is characterized by renal tubular dysfunction in the first year of life, growth

retardation, renal death by 10 years of age, and impairment of non-renal organ function after renal

transplant.

Members of the Section care for 40-45 children with cystinosis who have not yet received a renal

transplant. These patients are provided cystine-depleting therapy with the investigational drug

cysteamine or its more palatable alternative, phosphocysteamine, in conjunction with a nationwide

study conducted by Dr. Jerry Schneider of the University of California, San Diego. In this study, the

mean creatinine clearance, which is a measure of renal function, has remained the same

(approximately 63 ml/minute/1.73 m^) over the course of a three-year period, regardless of whether

standard dose (1.3 g/m^day) or high dose (1.95 g/mVday) therapy was administered. This outcome

contrasts markedly with the natural history of the disorder in which renal function progressively

deteriorates.

Dr. Thomas Markello in the Section has accumulated other evidence of the efficacy of oral

cysteamine/phosphocysteamine therapy. He examined creatinine clearances from every patient with

cystinosis seen at the NIH from 1960 to 1992. This involved over 400 NIH patient-years and 2,025

24-hour urine collections obtained during 1,081 inpatient admissions. During these three decades,

27 patients never received cysteamine therapy. Their mean creatinine clearance fell monotonically

to zero by age 9.5 years, consistent with the natural history of renal demise in cystinosis. Thirty-two

children were considered partially treated, since they began cysteamine therapy after age 2 or were

poorly compliant. Their mean creatinine clearance increased in the first three years of life and then

declined slowly, predicting a creatinine clearance of zero at approximately 20 years of age. Seventeen

children were well-treated, with adequate leukocyte cystine depletion prior to 2 years of age. These

patients had an impressive rise in their creatinine clearance values in the first three years of life,

resembling normal children. Furthermore, the mean rate of decline of corrected creatinine clearance

after age 6 years was the same in these well-treated patients as in normal individuals. As a result, the

mean creatinine clearance for the well-treated patients was predicted to reach zero at 74.3 years of



age. This detailed longitudinal analysis of renal function has allowed us to make two critical

conclusions. First, early diagnosis and cysteamine treatment are extremely important; for every

month of early treatment in the first 3 years of life, 12.5 months of renal function are salvaged when
spent at the later, slow rate of loss. Second, some well-treated patients may never need a renal

transplant.

Members of the Section have also collected information on cystine depletion of parenchymal organs

by cysteamine therapy. Data from 22 skeletal muscle biopsies performed on cystinosis patients prior

to cysteamine therapy indicated that muscle cystine levels increased at a rate of 0.074 nmol half-

cystine/mg wet weight/year of age. In contrast, 15 patients treated for 4 to 11 years with oral

cysteamine had a muscle cystine content that remained relatively constant, increasing by only 0.004

nmol half-cystine/mg wet weight/year. The treated patients' mean muscle cystine, 0.091 ± 0.064 (SD)

nmol half-cystine/mg wet weight, was significantly less (p<0.001) than that for the 11 youngest

untreated patients, 0.754 ± 0.534 nmol half-cystine/mg wet weight. In addition, on post-mortem

examination, a 9 year-old cystinosis patient treated for 8 years with oral cysteamine had liver, kidney,

pancreas, lung, and spleen cystine values 5 to 90 times lower than those of an untreated age-matched

control. The muscle and other parenchymal organ data have provided the first evidence that

cystinotic tissues can be depleted of cystine by long-term cysteamine therapy. This makes cysteamine

therapy the treatment of choice for the long-term complications of cystinosis as well as for the early

renal involvement. Members of the Section are helping bring cysteamine to New Drug Approval, so

that physicians throughout the country can prescribe it for cystinosis patients.

Besides cysteamine therapy, the Section also provides carnitine supplementation for children with

cystinosis because their renal tubular Fanconi syndrome results in carnitine wasting and muscle

carnitine depletion. Physicians in the Section have shown that carnitine replacement starting at 1 year

of age results in normal muscle carnitine levels at 6 years of age, whereas the muscles of untreated

cystinosis patients are carnitine depleted by then. Carnitine therapy is also expected to normalize

muscle development and strength in affected children.

The Section has shown that, in 3 cystinosis patients with compromised renal function, growth

hormone therapy increased serum creatinine levels without affecting the absolute glomerular filtration

rate. Cystinosis patients, then, may be faced with the alternative of enhanced growth and earlier renal

transplant or poor growth but maintenance of their native kidneys. A national protocol will further

study this issue.

The Section on Human Biochemical Genetics also cares for 45-50 cystinosis patients who have already

received a renal transplant. Among the complications observed in this group are pancreatic

insufficiency, retinal degeneration, swallowing difficulty and a distal vacuolar myopathy which is

discussed in Dr. Charnas' report. Because of these late complications of cystinosis, the Section

continues to offer phosphocysteamine as cystine-depleting therapy for post-transplant patients.

Finally, in conjunction with Dr. Kaiser-Kupfer of the National Eye Institute, the Section provides

0.5% cysteamine eye drops to cystinosis patients as part of a randomized, placebo-controlled trial.

When given 10 to 12 times per day, the eye drops remove all crystals from the corneas of young

patients and remove the haziness from older patients' corneas within 6 months. Virtually all

compliant patients have reported improvement in their photophobia and eye pain. This therapy is

now the treatment of choice for corneal cystine crystals, and the use of 0.01% benzalkonium chloride

as a preservative in the eye drops is now being pursued.

Basic research attempts to isolate the gene responsible for cystinosis include linkage studies using

cystinosis families and yeast experiments. S. cerevisiae were transformed by a human kidney cDNA
library followed by selection for growth on cystine as the sole sulfur source. The 3 colonies that

survived presumably contain a human gene coding for a cystine transporter, since the yeast plasma



membrane cannot normally transport cystine. The sequence of the cystine transporter gene is

currently being determined.

The Section on Human Biochemical Genetics has also become a reference laboratory for the study of

disorders of sialic acid metabolism. One such disease, sialuria, results from the failure of CMP sialic

acid to feedback inhibit the rate limiting step in the synthesis of sialic acid, i.e., that catalyzed by

uridine diphosphate N-acetylglucosamine 2-epimerase. Dr. Donna Krasnewich has recently diagnosed

and reported the world's fourth patient with sialuria, a boy with mild developmental delay and coarse

features. She has also shown that free sialic acid storage in the cytosol of sialuria fibroblasts does not

significantly alter the pH of these cells.

The Section's interest in copper metabolism in humans has spurred continued study of Indian

Childhood Cirrhosis (ICC), a fatal disease generally affecting middle-class, male children on the

Indian subcontinent. The liver contains aggregates of electron-dense material containing sulfur and

copper. Members of the Section have described a 2 year-old American boy with ICC, and are

investigating the basic defect using cultured fibroblasts. Dr. Si Hahn has shown that metallothionein

protein synthesis and metallothionein IIA mRNA are reduced in the ICC cells. Dr. Hahn has also

sequenced the entire metallothionein IIA genomic DNA and found no mutations, particularly in the

promoter's metal regulatory elements. This suggests that there may be a defective metal regulatory

factor in ICC cells, so that copper fails to stimulate sufficient metallothionein synthesis for its

detoxification. Alternatively, intracellular copper may be consumed by binding to some other

molecule, such as sulfide, which may be present in excess because of some other primary defect.

These possibilities are being actively pursued as explanations for the basic defect in ICC.

Dr. Stephen Kaler of the Section now cares for 11 patients with Menkes' disease, ranging in age from

9 days to 13 years. These children are enrolled in a clinical protocol to evaluate the biochemical and

clinical effects of copper histidine therapy in this neurodegenerative disorder. Because reduced

delivery of copper to the brain is recognized as an important feature of Menkes' disease, effort is

directed at providing this trace metal in a form which can effectively traverse the blood brain barrier,

as well as be available to copper-dependent enzymes. One infant treated by Dr. Kaler from 10 days

of age has avoided the major neurodegenerative changes, including seizures, which occurred by this

age in his untreated brother and cousin. Treatment has been associated with correction of low serum

copper and ceruloplasmin levels in all patients, and CSF copper levels in four patients. Measurement
of plasma and CSF catecholamine levels, in collaboration with Dr. David Goldstein of NINDS, has

revealed an abnormal pattern which reflects partial dopamine-^-hydroxylase deficiency. This

neurochemical pattern appears sufficiently distinctive for use as a diagnostic marker in the early

newborn period when other biochemical markers are unreliable. The clinical and biochemical

parameters evaluated in this protocol should be useful in assessing the efficacy of other therapies for

Menkes' disease.

Drs. Donna Krasnewich and Gordon Holt continue to investigate certain human disorders in which

the basic defects are unknown. One girl has developmental delay, coarse facies, and dysostosis

multiplex. Her urine contains oligosaccharides which differ markedly from normal on both thin layer

chromatography and pulsed amperometric detection (Dionex) analysis. The oligosaccharide excreted

by this patient appears to end in a galactose and contain N-acetylglucosamine, N-acetylgalactosamine,

galactose, and fucose. Although the patient has clinical features of both Fabry disease and

fucosidosis, the respective enzymes causing these disorders have been assayed and shown to be

normal. Therefore, other glycosidases are being assayed and the exact linkages of the stored material

are being examined in order to define the basic defect in this child.

Similarly, carbohydrate analysis is being performed on the glycoproteins which are abnormally

sialylated in Carbohydrate-deficient Glycoprotein Syndrome, a new entity characterized by

developmental delay and dysmorphic features. This disorder may be due to a synthetic or processing



defect, so the N-linked triantennary and tetraantennary structures on glycoproteins such as transferrin

and a^-antitrypsin are now being analyzed.

The Section on Connective Tissue Disorders, under the direction of Joan Marini, has continued its

studies aimed at elucidating the molecular mechanisms of heritable disorders of connective tissue,

specifically osteogenesis imperfecta (OI) and Ehlers-Danlos syndrome (EDS). Clinical protocols focus

on physical rehabilitation and growth in OI and delineation of the clinical features of hypohidrotic

ectodermal dysplasia.

OI results from mutations in either of the two genes coding for the chains of type I collagen. In order

to determine the relationship between the type and location of the type I collagen mutations and the

severity of the bone disease in OI, members of the Section have applied their collagen protein and

RNA hybridization methodology to four OI cases of differing severities. All the probands synthesized

two forms of collagen protein, one with normal electrophoretic migration and one with

overmodification and delayed migration. Cyanogen bromide peptide analysis localized the region of

overmodification, and RNA/DNA hybridizations between the proband's PCR fragments and sense

and antisense riboprobes were used to detect mismatches. One proband with type II/III OI had a G
- A mutation resulting in an a2(I) gly 706 to serine substitution. Three type IV OI probands had:

(1) a G - A mutation causing an a(I) gly 352 to serine substitution; (2) a G -» A mutation causing an

a2(I) gly 922 to serine substitution; and (3) a G -• T mutation causing an al gly 676 to valine

substitution.

Based upon these findings, Marini has proposed a regional model of OI pathophysiology. In this

model, there is an alternation along the chains of clusters of lethal and non-lethal mutations. For

example, for the a2(I) chain, the carboxyl half of the chain is comprised of four alternating regions

each 100-200 amino acids in length. The different regions may or may not be associated with crucial

functions such as thermal stability, secretion from the cell, or interactions with collagenous or non-

coUagenous molecules in the extracellular matrix. Thus, in Marini's model, the lethality vs non-

lethality of a collagen substitution would derive from the importance of the region in which it resides

for higher order structures such as fibrils or matrix assembly or its secondary effect on osteoblast

metabolism.

Another proband with moderate type IV 01 studied in Marini's lab had a de novo G"*"^ -» A mutation

at the a2(I) exon 16 splice donor site causing skipping of exon 16 in the cDNA of one allele. The

proband had two a2(I) bands on gel electrophoresis, one normally migrating and one more rapidly

migrating. Cyanogen bromide peptides localized the abnormality to the amino half of the aa(I) chain.

RNA/RNA hybrid analysis yielded digestion products suggestive of a structural change in the region

coding for exons 16-19. Sequencing cDNA subclones from this region confirmed that one allele was

deleted for all exon 16 sequences (aa 157-174). Sequencing PCR-amplified genomic DNA from this

region revealed the splice donor site mutation, which was not present in the genomic DNA of either

parent. The association of moderate disease with this exon splice mutation is consistent with several

other exon deletions in this region of a2(I) and with a number of point mutations in this region.

The Section is also investigating six cases of 01 in which the etiology of the proband's disorder

appears to be germ line mosaicism in a clinically normal parent. The incidence of recurrence of an

offspring with a dominant form of OI to clinically normal parents is 5-7%. In one case, it was

determined that the proband's mutation eliminated a Hpa II restriction site. The clinically normal

father carried the mutation in 0% of his fibroblasts, 20% of leukocytes and 12% of sperm, illustrating

the importance of studying leukocyte DNA for parental mosaicism.

In the past year, Marini's section began a growth hormone treatment trial for OI. In this protocol,

40 short children with OI (20 type IV, 10 type III and 10 type I) will receive treatment for one or two

years and their linear growth, bone density and bone morphometric parameters will be followed. In

collaboration with Lynn Gerber, M.D., of the NIH CC Rehabilitation Medicine Department, the



Section also continues its clinical trial of the effects of lower limb bracing on the functional level of

children with moderately severe OI. It has already been determined that weaning OI children from

braces can be performed with maintenance of ambulation and without an increased fracture rate.

The Section has also investigated seven cases of Ehlers-Danlos syndrome (EDS), a connective tissue

disorder whose symptoms overlap with those of 01 but do not include brittle bone disease. The
collagen protein abnormalities in these EDS cases resemble those of OI patients, with delayed

electrophoretic migration of the chains. In addition, cyanogen bromide peptide analysis has allowed

regional localization of the electrophoretic abnormality. The Section has established a Single Strand

Conformational Polymorphism (SSCP) system for both strands of type I collagen and is currently

screening EDS patients with this system. The molecular description of these cases will allow Marini

to distinguish those regions of type I collagen which are non-crucial for bone formation and which
contribute to the understanding of how the collagen matrix determines bony stability. The studies

will also extend the phenotype of type I collagen abnormalities and provide more accurate genetic

information for affected families.

The Section continues its efforts to clone the gene for HED, an X -linked condition involving

abnormal development of sweat glands, teeth, hair and nails. Southern blots of X translocation cell

lines are probed with Alu-PCR amplification products of 7 yeast artificial chromosomes (YACs)
which map to the appropriate region of the X chromosome. A clinical protocol for the comprehensive
examination of HED patients has also been initiated. Samples are being obtained to investigate the

biochemistry of hair and nail keratins, and for the immunochemical quantification and localization

of a series of matrix antigens.

The Unit on Genetic Disorders of Secreted Proteins, headed by Mark Brantly, has focused its efforts

on determining the molecular basis of al-antitrypsin (alAT) deficiency. While serving as the major
United States referral lab for rare alAT variants and as the Central Phenotyping Laboratory for the

National alAT Deficiency Registry, this unit has identified more than 400 deficient individuals in

the USA and Canada in the past year. Using standard isoelectric focusing of serum at pH 4-5,

immobilized pH gradient electrophoresis, allele specific amplification of genomic DNA and direct

DNA sequencing, the unit has identified several new alAT variants. To characterize the molecular

basis of these rare variants, a model in vitro cell system is used to reproduce the molecular pathology

associated with the variant. Using this approach the unit has determined the molecular basis of the

first splicing mutation in the olAT gene associated with the absence of detectable alAT, Null^^gj,.

Sequencing of a heterozygous null individual olAT gene revealed a novel allele, designated

PPNuUwest, characterized by a single G-»T base substitution at position 1 of intron II, a highly

conserved nucleotide position in vertebrate splice donor sites. The absence of detectable

immunoprecipitated alAT following metabolic labeling of NIH-3T3 cells transfected with the

NullYv^est minigene verified that the G-»T mutation is responsible for the null phenotype. Nullwest

transfected cells expressed 5-fold less alAT mRNA than normal, and sequencing of PCR-amplified
mRNA demonstrated that a cryptic splice site 84 bases upstream from the normal splice site was being

used. Translation of this sequence would result in an in-frame deletion of amino acids Lys^^^ to

Gly^'^, the last 28 residues of exon II which would normally be contained in the core of the alAT
molecule.

Using a similar approach, the Unit identified a second coding mutation G320 (GGG)-»E320 (GAG)
occurring on the genetic background of the most common deficiency mutation PI*Z, E342K in a

second null individual. Inheritance of this mutation is associated with the loss of an Msp I site in

exon IV which can be demonstrated by amplification of exon IV followed by digestion with Msp I

and gel electrophoresis. While the E342K mutation alone is associated with a reduction in the amount
of alAT detected in the serum of affected individuals, addition of the G320E mutation is associated

with the absence of detectable protein as demonstrated by absence of alAT contributed by the

NullNewHope allele. The substitution of a bulky glutamic acid in the place of a small glycine in a bend



of the alAT molecule between b sheet 4C and helix I may prevent the molecule from folding

properly, resulting in intracellular retention and/or degradation. Pulse chase experiments of NIH 3T3
cells transfected with alAT E320 demonstrate that the E320 mutation is sufficient to cause the null

phenotype.

The Unit continues to use the natural variation in the alAT gene to study structure/intracellular

protein trafficking relationships. Beginning in early 1993 the Unit will also begin a clinical protocol

to study the natural history of liver disease in alAT deficiency.

The Unit on Neurogenetics, under the direction of Lawrence Chamas, investigates the neurological

aspects of various human genetic diseases. One such disorder is the Oculocerebrorenal Syndrome of

Lowe (OCRL), an X-Iinked disorder characterized by congenital cataracts, renal tubular Fanconi

syndrome, and mental retardation. Dr. Charnas cares for over 40 OCRL patients, and has shown that

the behavioral disorder of OCRL consists of six cardinal features: anxiety/irritability, temper

tantrums, negative/defiant behaviors, stubbornness/sullenness, obsessions/preoccupations, and

peculiar mannerisms. The clinical phenotype of OCRL has also been expanded to include elevation

in maternal serum alpha-fetoprotein, which occurs in 20% of OCRL pregnancies. Charnas has found

that the OCRL brain on post-mortem examination shows cysts corresponding to areas of increased

signal in cerebral white matter on MRL Progressive deterioration of renal tubular reabsorption

defects and sudden death have been added as new causes of demise in OCRL patients.

In collaboration with Dr. Robert Nussbaum at the University of Pennsylvania, Charnas' group has

screened fibroblasts from well-characterized patients for gene expression of OCRL-1, identified as

the Lowe syndrome gene with sequence homology to an inositol polyphosphate-5-phosphatase. Three

of 15 patients had no demonstrable message, and two others had decreased amounts. Patients with

little or no detectable message appear at the severe end of the illness spectrum. Charnas' patients are

now being screened for mutations in OCRL-1 using RT PCR, and a potential mutation has been

identified in one patient. A partial cDNA for the mouse homolog of OCRL-1 has been isolated by

the group and found to be expressed at very low levels in many tissues, including muscle, heart,

kidney, lens, and brain. By in situ mapping, much higher levels of expression are detected in specific

cell populations in the neural retina, mitral and glomerular cells of the olfactory bulb, olfactory

projections onto the pyriform cortex, hippocampus and cerebellar purkinje cells, and in lens

epithelium.

The Unit also studies the neurologic manifestations of hereditary hemorrhagic telangiectasia,

specifically stroke, TIA, and brain abscess due to emboli as a consequence of pulmonary arteriovenous

malformations. The hazard rate for at least one embolic event is 1.5% per year, regardless of the age

of the patient. For patients under age 45, this represents a 100-fold increase over the baseline risk.

Dr. Charnas has recently described a distal vacuolar myopathy as a late complication of cystinosis.

In fact, 11 of the 51 post-transplant patients seen at the NIH had some distal myopathic features. One
19 year-old woman had extensive hand muscle wasting. A biopsy of her adductor digiti minimi

muscle showed a vacuolar myopathy with cystine crystals in perimysial cells and a muscle cystine

concentration of 21.3 nmol half-cystine/mg protein (normal, 0.04 ± 0.02). Electromyographic

evidence supported the diagnosis of myopathy. Charnas points out that these findings may indicate

a common lysosomal etiology for the metabolic myopathies which are vacuolar in nature.

In basic research studies, Charnas has used X. laevis as a model for investigating the development of

human neurofilament proteins. He showed that the gene organization of the amphibian's low

molecular weight neurofilament protein, XNF-L, resembles that of mammalian NF-L's, with typical

introns in the 2B coil and carboxy terminus. Another neurofilament protein, XNIF, has an unusual

intron location in the IB coil, while retaining typical NF-L like 2B coil intron locations. By in situ

hybridization, XNIF gene expression was first detected in single spinal cord neurons at Stage 22,



while XNF-L gene expression was first detected at Stage 28. The relative abundance and order of

expression of these two genes is similar, but 18-24 hours earlier than determined using antibody

probes. In contrast to the intense immunoreactivity of cement gland using anti-peptide antisera, no

detectable XNIF message was seen at any stage of development in Xenopus embryos. These

differences will assist in interpreting data when the various techniques are applied to studies of

neurofilament protein development in humans.

Dr. James Sidbury continues his treatment of glycogen storage disease (GSD) patients with cornstarch

to prevent hypoglycemia. He has found that several complications are associated with GSD, including

generalized demineralization, anemia, abnormal granulocyte function, central ovarian failure, primary

pulmonary hypertension, amyloid deposition, and focal glomerular sclerosis.

In basic research studies, Janice Chou leads the Section on Cellular Differentiation in its attempt to

understand the molecular mechanisms that control the expression of genes in higher organisms during

normal and abnormal development. This research program provides the opportunity to increase our

understanding of the roles of several proteins critical for pregnancy and of factors that regulate

mammalian cell differentiation.

Since over 50% of pregnancies end in miscarriage or abortion, understanding the role of pregnancy

-

associated protein factors in implantation, maintenance of pregnancy, and fetal development is

fundamental to women's health. With this in mind, Chou's laboratory has focused on two pregnancy-

associated proteins: Pregnancy-specific ^^-glycoprotein (PSG)and alkaline phosphatase (AP). Human
PSG is a marker for pregnancies and malignancies and an indicator of pregnancy-associated

complications. It consists of a large group of closely-related placental proteins encoded by 20 or more
linked genes. PSG and the carcinoembryonic antigens comprise a subfamily within the

immunoglobulin superfamily. To understand the control of PSG gene expression. Dr. Chou and her

colleagues have isolated and characterized several PSG genomic clones and identified the cis-acting

nucleotide sequences essential for PSG expression. One subclass 1 gene (PSGl-I) and two allelic

variants of a subclass 3 PSG gene (PSG 12 and PSG 12^) were isolated from two overlapping PSG
cosmid clones (1 and 6) from an unamplified library made from a single individual. PSGl-I, the

upstream gene in both cosmids, consists of 4 exons, 5'/L, L/N, Al, and B2-C, and encodes type II

PSG mRNAs with a L-N-A1-B2-C domain arrangement. The downstream gene in cosmid 1 is PSG 12

which contains exons 1 and 2 (S'/L and L/N). The downstream gene in cosmid 6 is the PSG12
pseudogene, PSG 12^, which contains a complete transcription unit. Sequence comparison indicates

that exons S'/L and L\N in PSG 12 and VSGlly/ are 99% identical. While the L/N exon in PSG 12 is

functional, the corresponding exon in the PSG 12^ gene contains a stop codon. In addition, exons A2
and B2 in PSG 12^ also contain stop codons. Since all identified PSGs contain functional N and B2
domains, our data suggest that PSG 12^ represents an allelic pseudogene variant of PSG 12. In

transient expression assays using PSG promoter-chloramphenicol acetyltransferase (CAT) fusion gene

constructs. Dr. Chou's group demonstrated that the -835 to -34 (PSG 12) or -834 to -34 (PSGl-I)

DNA region upstream of the translational start site contains both positive and negative elements that

control PSG expression in human placental cells. Sodium butyrate, an inducer of PSG synthesis,

greatly stimulated the expression of PSG promoter-CAT fusion gene constructs; two regions in both

PSG genes that mediate the butyrate response have been identified.

Using deletion analysis. Dr. Chou and her colleagues showed that the PSG12(-172/-34)CAT fusion

gene supported CAT expression in human placental cells. However, the PSG12(-172/-74)CAT
construct directed CAT expression only in the presence of an SV40 enhancer. Their data indicate that

the -172 to -74 DNA region contains the PSG 12 promoter elements and the -74 to -34 DNA region

contains the enhancer elements. This group also showed that protein factors in human placental cell

extracts bind to the -172 to -74 bp PSG 12 gene region.

Another pregnancy-associated protein is alkaline phosphatase (AP), whose expression in placenta (PL)

and germ cells (GC) is highly regulated and tied to malignant transformation of the human placenta.



The GCAP gene is activated in human choriocarcinomas (malignant trophoblasts), and

choriocarcinoma cells express low or nondetectable levels of the FLAP gene. GCAP shares 98% amino
acid sequence identity with the PLAP isozyme. Dr. Chou and her colleagues showed that cis-acting

elements in the 5'-flanking regions of GCAP and PLAP genes control their differential expression

in choriocarcinoma cells. Choriocarcinoma-specific expression is mediated within the -155 to -1

DNA region relative to the GCAP transcription start site (+1). Within the minimal enhancer element,

three nuclear protein binding sites, I (-63/-44), II (-87/-67), and III (-136/- 103), were identified by

DNase I footprinting analysis. All three sites are GC-rich. Sites I and II contain the consensus motif

for the transcription factor AP2; the AP2 site within site II overlaps a consensus motif for the

transcription factor SPl. Gel retardation experiments showed that similar nuclear protein factors in

JEG-3 choriocarcinoma cells bind to all three sites, with the highest affinity for sites I and II. Site-

directed mutagenesis that prevents binding of nuclear proteins to either site I or II, or both sites I and

II, resulted in the loss of factor binding and reduced enhancer activity. The GCAP promoter that

contains an intact binding site III, but altered sites I and II, had no enhancer activity, suggesting that

protein-protein interaction is important for GCAP gene activation. The group also has evidence that

the S'-flanking region in the PLAP promoter lacks the high affinity protein binding sites I and II

essential for its expression in human choriocarcinoma cells.

To facilitate study of the control of PSG expression. Dr. Chou and her colleagues immortalized human
placental cell lines with adenovirus-origin-minus (ori~^-SV40 recombinant viruses containing either

wild -type (wt) or temperature-sensitive (ts) A mutants of SV40. Cells transformed with the SV40 tsA

chimera (HP-Al and HP-A2), but not the SV40 wt chimera (HP-Wl), were temperature-sensitive for

transformation. All three cell lines expressed trophoblast-specific genes, including PSG and the a and

fi subunits of human chorionic gonadotropin (hCG). hCGa expression was greatly stimulated by
dibutyryl cAMP (BtjcAMP) in all three cell lines; shifting HP-Al and HP-A2 cells to the

nonpermissive temperature (39.5°C) further increased hCGa expression. At both 33°C (permissive

temperature) and 39.5°C, the transformed placental cells expressed PSG mRNAs of 2.2- and 1.7-kb;

expression was greatly stimulated by sodium butyrate. In the absence of an inducer, the three

placental lines synthesized a PSG of 64 kDa. In the presence of butyrate, they synthesized PSGs of

72, 64, and 54 kDa similar to the placental PSGs. However, in the placenta the predominant species

is the 72 kDa product. At 39.5°C, butyrate selectively increased synthesis of the 72 kDa PSG in HP-
Al and HP-A2 cells. The transformed placental cell lines support expression of PSG promoter-CAT
fusion gene constructs in transient expression assays. Sodium butyrate, which stimulates PSG
expression, greatly increased CAT activity, indicating that butyrate-induced PSG expression is

regulated primarily at the level of gene transcription.

One of the objectives of Dr. Chou and her colleagues is to establish mammalian cell models that retain

tissue-specific functions for the study of gene regulation in differentiation. Mice homozygous for

chromosomal deletions at or around the albino locus on chromosome 7 express reduced levels of a

group of liver genes and generally die perinatally. Sequences within the deleted region are thought

to encode a regulatory factor(s) that affects the expression of these genes in trans. To facilitate the

study of the putative factors. Dr. Chou's group immortalized hepatocy tes derived from newborn wild-

type and deletion homozygous mice, as well as heterozygous mice using an SV40 tsA255 mutant virus.

This group has isolated and characterized both cDNA and genomic clones encoding the mouse S-

adenosylmethionine synthetase (SAM), one of the affected genes. SAM synthetase catalyzes the

formation of adenosylmethionine from methionine and ATP. The SAM synthetase cDNA is 3232 bp
in length and contains an open reading frame that encodes a 396 amino acid polypeptide with a

predicted molecular mass of 43 kDa. The mouse enzyme shares 98% and 96% amino acid sequence

identity with the adult liver enzyme in rat and human, respectively. The predicted SAM synthetase

protein contains the consensus ATP binding motif Gly-X-Gly-X-X-Gly at residues 132 to 137 and

a putative ATP binding Lys residue at position 160. As an initial step toward understanding the

control of SAM synthetase expression. Dr. Chou and her coworkers determined the structural

organization of the SAM synthetase gene and examined its promoter activity by transient expression

assays. They demonstrated that the -365 to -2 DNA region upstream of the transcriptional start site



of the SAM synthetase gene contained the gene promoter elements, and the -517 to -366 bp region

negatively regulated its expression. It is hoped that study of the regulation of SAM synthetase in

immortalized mouse hepatocytes will provide further insight into the mechanism of liver gene

regulation.

The Section on Developmental Genetics under Anil B. Mukherjee conducts research into the

biochemistry, molecular biology, and physiology of the enzyme phospholipase Aj (PLAj) and its

endogenous regulatory proteins, HIV-1 aspartyl protease, osteopontin (OP), and the cystic fibrosis

transmembrane regulator (CFTR) protein.

One of the major pathways for the initiation and propagation of inflammation involves the activation

of FLAj, an enzyme that also influences many vital physiological processes, including cellular signal

transduction, long-term potentiation and immunological activation. PLA2S are key enzymes in the

production of arachidonic acid from phospholipids. PLA2S also regulate production of eicosanoids

(e.g., prostaglandins, leukotrienes and thromboxanes), which are mediators of inflammation.

Therefore, understanding the activation and inhibition of this enzyme is of great physiological and

medical importance.

Mukherjee and his colleagues have previously demonstrated that when PLA2 is treated with either

tissue transglutaminase (TG) or human plasma factor Xllla, a striking increase in its catalytic activity

is observed due to the formation of an intramolecular e-(}'-glutamyl) lysine crosslink. Furthermore,

when PLA2 is incubated with TG in the presence of putrescine, spermidine, spermine,

dansylcadaverine or methylamine, PLA2 activity is increased 2-3 fold. Kinetic studies on PLA2
pretreated with spermidine and TG demonstrated a significant increase of the V^ajj but no change

in the apparent K^,. Unlike PLA2 pretreated with TG alone, polyaminated PLA2 does not undergo
non-covalent dimerization in solution. Polyaminated PLAj was further purified by chromatofocusing

and was found to contain N-mono(y-glutamyl) spermidine in a molar ratio of about 1:1 to PLA2.
Freshly purified, polyaminated PLA2 had a specific activity approximately 3-fold higher than that

of the control. Since physiologic concentrations of polyamines were used in these experiments, this

posttranslational modification is most likely of significance.

The Section has also studied a monospecific polyclonal neutralizing antibody to porcine pancreatic

PLA2 which dramatically inhibits the activity of the enzyme. These investigators have demonstrated

that the neutralizing antibody recognizes an epitope of pancreatic PLAj involving residues 21-40

which is the Ca''"''-binding region of this enzyme. Since this region is very well conserved in both

group I (pancreatic) and group II (synovial) PLAjS, these investigators propose that the Ca''""*'-binding

region of proinflammatory (group II) PLAjS is a potential target for the development of structure-

based inhibitors. The group has initiated the generation of monoclonal antibodies directed against

this region of group II PLA2 in order to develop such inhibitors.

Mukherjee's group has pioneered the study of endogenous proteins which regulate PLA2 activity.

Some of these proteins are rabbit uteroglobin (UG) and human cclOkDa protein, which inhibit PLA2,
exert antiinflammatory effects, and are coded for by genes which contain very strong promoters. This

may be important for future gene therapy and targeting.

Mukherjee and his associates initially discovered that uteroglobin is synthesized and secreted by rabbit

pulmonary alveolar type II cells. This is significant since type II cells also synthesize and secrete

surfactant, a phospholipid-protein complex, the deficiency of which causes respiratory distress

syndrome (RDS) in prematurely born neonates. Exogenous surfactant used to treat this disease is

rapidly inactivated after administration into the lung. Moreover, many patients develop chronic lung

disease (CLD) despite improvements in pulmonary function. Since a human counterpart of this

protein (cclOkDa protein) has been found with exactly the same properties as rabbit UG and since

a recombinant cclOkDa protein is now produced in E. coli in this laboratory, its efficacy in the



treatment of RDS may be evaluated in an animal model. By inhibiting PLA2 activity, which has been

suggested to destroy exogenous surfactant, the use of cclOkDa protein in conjunction with surfactant

may prolong the half life of this vitally needed material. Furthermore, the antichemotactic and

antiinflammatory effects of UG or cclOkDa protein may prevent the development of CLD in these

patients.

Last year Mukherjee and his colleagues achieved high level expression of recombinant cclOkDa

protein in E. colt using a novel expression vector developed in their laboratory. This year they

showed that the purified recombinant protein has similar, if not identical, biochemical and biological

properties to those of rabbit UG. In particular, the cclOkDa protein was a much more potent

inhibitor of PLAj activity than rabbit UG and was also a TG substrate.

The group also studied the expression of the cclOkDa protein in various human tissues. Using cDNAs
from various organs and PCR amplification from cclOkDa protein sense and antisense primers, the

following human organs were shown to express the protein: pituitary, thyroid, thymus, adrenal, aorta,

ovary, testis, prostate, trachea, esophagus, uterus, stomach, spleen, intestine, pancreas and placenta.

The partial nucleotide sequence analysis of PCR products from human prostate and thymus indicated

a 100% identity with the sequence of the corresponding region of the cDNA coding for the cclOkDa

protein. This is the first demonstration that the cclOkDa protein gene is expressed in human organs

other than the pulmonary alveolar Clara cells.

Mukherjee and his associates have also investigated another enzyme, HIV-1 aspartyl protease. This

enzyme is very similar to PLAj in its mechanism of activation, and is responsible for processing of

the retroviral polyprotein. Inhibition of HIV-1 aspartyl protease prevents the differentiation of the

infectious virions. In their effort to develop specific inhibitors of HIV-1 aspartyl protease (HIV-1

AP), the group has generated several hybridoma clones secreting anti HIV-1 AP antibody.

Preliminary studies indicate that these antibodies inhibit AP activity and specifically bind the enzyme.

HIV-1 AP has also been shown to be an excellent substrate of TG. TG and coagulation factor Xllla

appear to catalyze internal crosslinking of AP, just as. for PLA2. In PLA2, TG-catalyzed

intramolecular crosslinking promotes non-covalent dimerization and consequent activation of this

enzyme. Whether the same is true for AP needs to be delineated. Nevertheless, the fact that AP is

a specific substrate of TG may allow covalent crosslinking of this enzyme with specific agents,

causing inhibition of activity. Specific and non-toxic inhibitors would be ideal therapeutic agents

for the treatment of AIDS. Mukherjee and his colleagues have developed a simple and rapid

radiometric assay of HIV-1 AP for screening potential inhibitors of this enzyme. A patent application

for this invention and a CRADA with Peptide Technologies Corporation has been approved in order

to commercialize this assay.

A Visiting Associate in the Section, Dr. Lucio Miele, discovered that the delta F^Qg mutation in the

CFTR gene found in patients with cystic fibrosis (CF) correlates with a profound abnormality in

cellular arachidonate metabolism. Furthermore, this abnormality is corrected when CF cells with the

mutation are transfected with a normal CFTR gene, suggesting that the abnormal arachidonate

metabolism may stem from defective regulation of PLA2 in these cells.

Mukherjee's group is also studying an adhesive extracellular matrix protein, osteopontin (OP), because

of its relevance to a small group of patients they described. These patients develop ectopic subdermal

bone, but neither the pathogenesis nor therapy is known. Osteopontin (OP) is an extracellular

adhesion sialoprotein suggested to play roles in bone mineralization, malignant transformation and

metastasis. Mukherjee and associates have identified a region of this molecule which is involved in

binding Ca"*"*" with high specificity and avidity. They also found that mothers of premature neonates

produce more OP in their milk than those who delivered at term. Since in premature neonates the

calcium requirement is much higher than in term infants, more OP in the milk may provide more

calcium. In an attempt to study tissue-specific expression of OP and its relationship to



transformation, the group cloned a 1.4kb OP cDNA from Kirsten sarcoma virus-transformed

(KNRK) cells. Sequence analysis revealed a 52nt insert in the 5' non-coding region of its cDNA
which was absent in ROS 17/2.8 rat osteosarcoma cell-derived OP cDNA. An insert-specific probe

hybridized to a single 1.5kb mRNA species from both NRK and KNRK cells, but not from that of

ROS 17/2.8 cells. Southern analysis of Taq I-digested genomic DNA from NRK and ROS 17/2.8 cells

using the insert-specific probe showed the presence of this sequence in the genomic DNA of both cell

lines. PCR amplification of the insert-containing region using genomic DNA of both NRK and ROS
17/2.8 cell lines yielded products of identical size and sequence. Because the insert sequence is

flanked by putative intron splice junctions, OP mRNAs with or without the 5' insert may be derived

from differential processing. Since this insert is 15nt upstream of the translational initiation site, it

may play a role in regulating OP expression at the translational level. Northern analyses demonstrate

that, in contrast to most oncogenically transformed cell lines, levels of OP mRNA are significantly

reduced in KNRK cells as compared to NRK cells. These observations suggest that stringent control

of expression of transcriptional and/or posttranscriptional levels may be involved in determining the

putative multifunctional role of OP in diverse cell types and tissues.

The Section on Genetic Disorders of Drug Metabolism, under the direction of Ida S. Owens, studies

the regulation of the human UDP glucuronosyltransferase gene family at the molecular level. An
undetermined number of transferase isozymes, including those catalyzing critical substrates such as

bilirubin, bile acids and exogenous toxins, constitutes a family of glucuronidating (detoxifying)

enzymes of the liver. The aim of Owens' research program is to isolate and characterize the cDNAs
encoding the many enzyme isoforms. Patients with defective bilirubin transferase have Crigler-

Najjar type I disease, a fatal hepatic disorder.

Previously, two human liver bilirubin transferase cDNAs (HUG-Brl and HUG-Br2), which contain

identical 3' 1478-bp ends, were isolated and characterized in Owens' laboratory. The unique 5' end

(890-bp) of each cDNA was used as a probe to isolate the UGTl gene complex (95 kb) from a cosmid
library. Owens' group isolated three overlapping cosmid clones (each ~40 kb long). Six different

genes {UGTlA through UGTIF) were shown to be encoded by the UGTl locus. Six exon Is (each ~

1000 bp) are arranged in a tandem array at the 5' end of the locus with each coding for the unique
portion (286 amino acids out of 533) of the protein, the determinant of substrate specificity of each
isoform. Four common exons (2-5) located at the 3' end of the locus code for the identical 3' ends

of the cDNAs. HUG-Brl and HUG-Br2 are encoded by UGTlA^nA UGTID, respectively; UGTIBP,
UGTIC, UGTIE, and UGTIF code for other bilirubin-like or phenol transferase isozymes. The
transcriptional arrangement is six nested TATA boxes with each immediately upstream and cis to an
exon 1 which in turn is followed by 4 common exons. Based on the model, Owens' group predicts

that 6 nested primary transcripts are synthesized such that each lead exon 1 is differentially spliced

to the four common exons to produce 6 different mature mRNAs. This single-copy locus provides

the flexibility of independent regulation of each encoded isoform.

Recently, members of the Section analyzed the expression of the six different mRNAs using specific

oligonucleotide probes taken from each unique region and showed the following among 18 individual

human samples: for UGTIA (HUG-Brl) there were fluctuations from barely detectable to 5-fold

elevations; for UGTIBP message was not detectable but evidence from 2 individuals showed that low
levels exist which were incorrectly spliced; for UGTIC there were low levels (about 2% of total

bilirubin/bilirubin-like transferase mRNA) which appeared constant in each individual; for UGTID
there were fluctuations from barely detectable to 2-3 fold elevations; for UGTIE message was not

detectable; and for UGTIF the message level was approximately equal to that for UGTIC with little

individual variation. The variations in mRNA levels for UGTIA and UGTID appeared to correlate

with several medications and/or diseases.

Owens' group also carried out studies using the pCAT reporter unit containing the upstream region

of either UGTIA, UGTIC, UGTID, or UGTIF. The upstream region of UGTIA generated high



constitutive activity which was enhanced 5 to 6 fold by dexamethasone or pregnenalone 16-a
carbonitrile. That region of UGTIC or UGTID generated low constitutive activity which was
enhanced 23 to ~10-fold, respectively, by exposure to 50 ^lM phenobarbital. (This response to

phenobarbital is in agreement with induction of UGTID mRNA and, presumably, UGTIC mRNA,
by phenobarbital in monkeys and its enhancement of bilirubin transferase activity in patients so

treated for hyperbilirubinemia.) The upstream region of UGTID contains nucleotide response

elements which differ from those recently reported in other rodent phenobarbital-responsive genes.

The same region of UGTIF was shown to generate extremely high constitutive activity and, unlike

the rat homologue, the 2.9 upstream flanking region did not generate an enhanced response to

aromatic hydrocarbons.

Further, Dr. Owens' group examined the genomic DNA of 6 patients with Crigler-Najjar (CN) Type
I hyperbilirubinemia, which is inherited as an autosomal recessive trait. With the UGTl gene complex
as a model, Owens' laboratory demonstrated in these individuals that the disease is caused by different

alterations at this locus. To date they have observed: in 3 patients a 13-bp deletion in exon 2 creating

a frame-shift mutation and a protein with 40 unrelated residues at the carboxyl region which ends

prematurely at amino acid 365 out of 533; in one patient a point mutation converting a glycine

(located in an 18-amino acid conserved segment) to a glutamic acid in exon 2; in another patient a

point mutation converting a serine codon to that for a phenylalanine in exon 4; and in yet another

patient a deletion of a phenylalanine codon in exon 1 of UGTIA (coding for HUG-Brl) converting

a diphenylalanine to a single phenylalanine. Furthermore, this group demonstrated that the deleted

phenylalanine residue caused a total loss of bilirubin transferase activity. (The diphenylalanine is

conserved in all bilirubin and bilirubin-like transferases, including the rat homologue.) Each patient

contains a homozygous mutation, and each set of parents is heterozygous for the same mutation. Some
parents acknowledged consanguinity to explain the genotype. The finding that the CN Type I

phenotype is caused by different genotypes suggests that there exists a spectrum of mutations at this

locus which have the potential to affect codons moderately critical to critical for bilirubin transferase

activity. Since carriers of critical mutations (parents of CN Type I individuals) are not clinically

jaundiced, the mutation profile suggests that mild to moderate diseases (Gilbert's and CN Type II with

jaundice) are caused by compound heterozygosity involving mild to moderately critical codons. The
genotypes of these categories of individuals are currently under investigation by Owens' group.

The relative distribution of mRNA encoding the HUG-Brl and HUG-Br2 cDNA in the liver was

assessed by Owens' group using in situ hybridization in order to determine the relative promoter

activity of the UGTl locus in the various regions of the liver. The message encoding HUG-Brl was,

as predicted from Northern blot analysis, highly abundant and was distributed periportally, whereas

that for HUG-Br2 was of low abundance and distributed in a more centrolobular pattern.

A full-length cDNA encoding a human liver-specific steroid transferase was isolated and

characterized by Owens and her group. The encoded protein, when expressed in COS-1 cells,

selectively conjugated dihydroxytestosterone, phenolphthalein and several phenolphthalein

derivatives. Examination of 16 different human liver RNA samples by Northern blot analysis showed
that the message was completely absent in some individuals. The gene encoding this third steroid

transferase designated UDPGTh-3, like UDPGTh-1 and UDPGTh-2, maps to human chromosome
4, band q28, and the corresponding mRNA was inducible by phenobarbital.

A mouse pulmonary cDNA encoding a 50 kDa cytochrome P450 was isolated and characterized by

Owens' group using immunostaining with specific antibody of expressed proteins generated by a Agtll

cDNA library. Following expression of the cDNA in yeast cells, the protein was shown to represent

a cytochrome P450 which is responsible for the lung toxicity and high incidence of fatalities seen in

mice exposed to high doses of naphthalene. The lung isozyme, present in mouse and not in rat, was

shown to form stereospecifically 1R,2S naphthalene 1,2-oxide as a toxicant. Toxicity, therefore, was

seen in mouse and not in rat. The combination of these cloning and expression results with other



biochemical studies demonstrate that a specific enzyme can account for adverse chemical (drug)
effects.

The Unit on Genetic Diseases Involving Cystine Storage, directed by Jean Butler, investigates ways
to deplete cystine and cholesterol in mutant mouse models for cystinosis and Niemann-Pick C disease,
respectively. Dr. Butler has shown that, in human fibroblasts, the biochemical findings of Niemann-
Pick C disease can be replicated by treatment with hydrophobic amines and certain steroids, and that
intracellular cholesterol movement can be traced using various inhibitors and stimulators. The Unit
has also isolated the cystine binding component of commercial cystine binding protein (CBP) of E.
coli. The amino acid content was determined, the N-terminal peptide sequenced and an antibody
produced. Based upon this work, a similar protein in eukaryotic cells is being sought. Butler also
found that CBP contains a histidine binding protein. In other work, Butler's group reported two
mechanisms for the uptake of ascorbic acid by human fibroblasts; both mechanisms functioned
normally in cystinotic cells.

An example of the melding of the clinical and basic research interests of the Branch is a consortium
directed towards liver gene therapy for tyrosinemia type I and consisting of Drs. Chou, Owens,
Brantly, and Gahl. Tyrosinemia type I is an autosomal recessive disorder caused by deficiency of the
enzyme fumarylacetoacetate hydrolase (FAH). Patients with the classical disease die of liver failure
in infancy, while others with milder disease may develop hepatomas later in life. The definitive
therapy is liver transplantation. Chou has cultured hepatocytes from albino mice that have a knockout
mutation in the FAH gene. She has also cloned the human FAH cDNA, since the gene sequence was
published. She and Owens have placed the cDNA into a vector construct which will be used to
transfect the mouse hepatocytes. Reconstitution will be determined by assaying the FAH using
polyclonal antibodies and also by assaying the enzymatic activity using a substrate provided by Dr.
Kvittingen of Oslo, Norway. Gahl and Dr. Frank Tietze are performing these assays. In the
meantime, Brantly has placed the FAH cDNA into a retroviral construct provided by Gene Therapy,
Inc. This will eventually be used to create a high titer amphotropic virus. The group intends to use
this to infect mice homozygous for the FAH knockout mutation in utero. Since these homozygous
mice always die in the first day of life, it is hoped that provision of the FAH through the viral
infection can allow the mice to live longer than a day. These animal experiments will serve as a
prelude to pursuit of gene therapy for this fatal disease in humans.
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glucuronosyltransferases in humans. The 5' region of the locus contains a tandem array of 7 unique

exon Is with its own 5' proximal TATA box, and the 3' region contains 4 common exons (2-5).

Using sequence data of the normal UGT\ locus, we described 4 lethal mutations in six Crigler-

Najjar, Type I patients. Three had the same 13-bp deletion in exon 2, predicted to truncate all

isozymes encoded in the UGTl locus at amino acid residue 365 (of 533); one contains a point mutation

at codon 309 (gly to glu) in an 18-residue conserved sequence; one contains a point mutation at codon

375 (ser to phe); and one has a codon deleted at position 170 in the unique exon 1 of UGTlA
converting a conserved diphenylalanine to a single phe which affects only HUG-Brl, the predominant

bilirubin isozyme.

By analyzing the 5' flanking region of each gene in combination with a reporter gene and by

induction studies in monkey, we also demonstrated that the phenol transferase gene (UGTl), contrary

to rodent models, lacks regulation by the Ah locus associated with chemical carcinogenesis. The

therapeutic agent for hyperbilirubinemia, phenobarbital, enhances transcription of the UCTIC and

UGTID gene ~23 to 10-fold, respectively. The potential sites responsive to phenobarbital have been

sequenced.
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1. Continued studies of a mutant mouse which stores cystine in lysosomes as do
tissues from cyst inotic and I-cell patients. Investigation of effects of various
cystine lowering drugs on levels of stored cystine in the mouse organs since there
has not previously been an animal model for cystinosis.
2. Continued studies of anomalies in cholesterol metabol ism and transport in

Niemann-Pick C (NPC) , the mutant mouse and cystinotic fibroblasts. Investigation
of cholesterol movement from the lysosomal compartment (where it is stored in NPC
disease and in the mutant mouse) to the microsomes where cholesterol can be
esterified and packaged for storage in lipid vesicles. Use of hydrophobic amines
and progesterone to produce NPC disease in normal fibroblasts.
3. Characterization of a cystinotic cell protein associated with cystine and
present in a 2-fold excess in cystinotic versus normal fibroblasts. Anino acid
analysis of this protein, N-tenninal sequencing, a search for similar proteins and
investigation of their cystine binding characteristics. Analysis of a cystine
binding protein (CBP) of E. Col
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used for quantitative analysis of the cystine
content of tissues. This investigation has included purification by HPLC, amino
acid analysis, N-terminal sequencing of two purified components and comparison to

known proteins in data banks. One protein was similar to a histidine binding
protein of S. tvphimurium and bound histidine. Another protein was not similar to

any known protein and bound cystine. Futher work involves antibody production to

the N-tenninal peptide of the purified CBP, a search for similar proteins in

eukaryotic cells and characterization of the actual cystine binding site.
4. Investigation of alternative ways of depleting cystine and cholesterol levels
in mutant mouse tissues and cystinotic fibroblasts, using single and combined
drugs that influence intracellular accuinilat ion.

5. Investigation of uptake and metabolism of ascorbic acid in normal and
cystinotic fibroblasts, and the effects of ascorbic acid uptake on the production
of tvpc I col lagen.

PHS 6040 (Rev. S/92)





DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBUC HEALTH SERVICE
NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl H) 00404-10 HB

PERIOD COVERED
October 1, 1991 to SeptenAer 30. 1992

TITLE OF PROJECT (80 eharactera or legs. Title must fit on one line between the borderg.l

Cell and Sulfur Metabolism in Fibroblasts of Genetic Diseases
PRINCIPAL INVESTIGATOR (List other profegsional personnel below the Principal Investigator. 1 (Name, title, laboratory, and

P.I. Jean DeBrohun Butler Senior Investigator HGB/NICHD
Other Michelle Evans Biology Aid HGB/NICHD

COOPERATING UNITS fif any^

Laboratory of Develop. & Metabolic Neurology, NINCD6 (Peter G. Pentchev);
Laboratory of Cell Biology & Genet ics , NIEGK (Mark Levine) ; Section on
Dcvelopmenfal Genetics Human Genetics Branch NTCTD (Anil B. l\^kheriee>.
LAB/BRANCH
Human Genetics Branch
SECTION

Unit on Genetic Diseases Involving Cystine Storage
INSTITUTE AND LOCATION
NICHD, NIH, Bethesda, Maryland 20892
TOTAL STAFF YEARS:

1.25

PROFESSIONAL:

1.0

OTHER:

0.25
CHECK APPROPRIATE BOX(ES)

a (a) Human subjects B (b) Human tissues

D (al) Minors
D (a2) Interviews

D (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.^

1. Continued studies of a mutant mouse which stores cystine in lysosomes as do
tissues from cyst inotic and I-cell patients. Investigation of effects of various
cystine lowering drugs on levels of stored cystine in the mouse organs since there
has not previously been an animal model for cystinosis.
2. Continued studies of anomalies in cholesterol metabol i sm and transport in

Niemann-Pick C (NPC) , the mutant mouse and cystinotic fibroblasts. Investigation
of cholesterol movement from the lysosomal compartment (where it is stored in NPC
disease and in the mutant mouse) to the microsomes where cholesterol can be
esterified and packaged for storage in lipid vesicles. Use of hydrophobic amines
and progesterone to produce NPC disease in normal fibroblasts.
3. Characterization of • cystinotic cell protein associated with cystine and
present In a 2-fold excess In cystinotic versus normal fibroblasts. Amino acid
analysis of this protein, N-terminal sequencing, a search for similar proteins and
investigation of their cystine binding characteristics. Analysis of a cystine
binding protein (CBP) of E. Col

i

used for quantitative analysis of the cystine
content of tissues. This investigation has included purification by HPLC, amino
acid analysis, N-terminal sequencing of two purified components and comparison to

known proteins in data banks. One protein was similar to a histidine binding
protein of S. tvphimur ium and bound histidine. Another protein was not similar to

any known protein and bound cystine. Futher work involves antibody production to

the N-terminal peptide of the purified CBP, a search for similar proteins in

eukaryotic cells and characterization of the actual cystine binding site.
4. Investigation of alternative ways of depleting cystine and cholesterol levels
in mutant mouse tissues and cystinotic fibroblasts, using single and combined
drugs that influence intracellular accumulation.
5. Investigation of uptake and metabolism of ascorbic acid in normal and
cystinotic fibroblasts, and the effects of ascorbic acid uptake on the production
of type T col ILag£JL

PHS 6040 (Rev. 6/92)





DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBUC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl H) 00408-09 H3B

PERIOD COVERED
October 1, 1991 to September 30, 1992

TITLE OF PROJECT (80 eharactera or leBS. Title must fit on one line between the borders.!

Heritable Disorders of Connective Tissue
PRINCIPAL INVESTIGATOR (List other profesaional personnel below the Principal Investigator.! (Name, title, laboratory, and

HGB, NICHD
HGB, NICHD
HGB, NICHD
HGB, NICHD
HGB, NICHD

PI: Joan C. Marini Senior Investigator

Othe rs: Jane D. Filie NRSA Fellow

Qin Wang Fogarty Fellow

Laura Russell Medical Staff Fellow

Bonnie Orrison Biologist

COOPERATING UNITS fif any]

Department of Rehabi I i tat Ion Medicine, OC (N.L. Gerber); Laboratory of

Developmental Endocrinology (G. Chrousos)

LAB/BRANCH
Human Genetics Branch
SECTION

Section on Connective Tissue Disorders
INSTITUTE AND LOCATION
NIOP, NIH, Bethesda, M) 20892
TOTAL STAFF YEARS:

5

PROFESSIONAL:

4

OTHER:

1

CHECK APPROPRIATE BOX(ES)

B (a) Human subjects Bi (b) Human tissues

IB (al) Minors

D (a2) Interviews

n (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.1

The Section has continued its studies aimed at elucidating the molecular
mechanisms of heritable disorders of connective tissue, specifically osteogenesis
in^>erfecta (OI) and Ehlers-Danlos syndrome (EDS), and to apply this information to

the treatment of these disorders.
One of the primary goals of the Section is to determine the relationship

between the type and location of the type I col lagen mutat ion and the severity of

the bone disease. To this end, we have applied our collagen protein and RNA
hybrid methodology to four cases of OI with a range of severities. We have
demonstrated serine for glycine substitutions at different positions along the two

collagen chains. We have proposed a regional model of OI pathophysiology
in which there is an alternation along the chains of clusters of lethal and non-
lethal mutations. In this model, the functional significance of the regions
resides in higher order fibrils, secondary effects on osteoblast metabolism or

Interactions with non-col lagenous matrix molecules.
We have studied seven cases of mild-moderate FITS, and find that the collagen

results in these cases converge with the OI studies. That is, the EDS cases have

abnormalities of collagen protein similar to OI cases. Since the symptoms of EDS
and OI overlap, except that EDS patients do not have brittle bone disease and

osteoporosis, these cases provide in^>ortant insight into regions of col lagen which
are non-crucial for bone structure. We are pursuing the molecular description of

these cases using SSGP analysis.
In clinical studies, we initiated a treatment trial of growth hormone in

short chi Idren wi th OI and wi 1 1 determine its effects on linear growth, bone

density and bone morphometrlc properties. We are concluding a collaborative
cross-over protocol for weaning OI children from braces. We are exploring new
carbon and polymer rodding materials.

PHS 6040 (Rev. S/92)





DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 0041 0-07 HGB

PERIOD COVERED

October 1, 1991 to September 30, 1992
TITLE OF PROJECT (80 ehVKUn or lais Tnit musi lit on ont Unt bttw^tn tha tonters )

Metabolism in Children with Glycogen Storage Disease, Type I

PRINCIPAL INVESTIGATOR (Usi omar prolMsiontt personnal below the Pnndpei invesiigeior) (Neme, DM. mbontory. una ntmuf eniketlon)

PI: James B. Sidbury Scientist Emeritus HGB, NICHD

COOPERATING UNITS (K »ny)

Laboratory of Theoretical and Physical Biology, NICHD (N. Esteban and A.L. Yergey)

LAB/BRANCH

Human Genetics Branch

SECTION

Office of the Chief

INSTrrUTE AND LOCATION

NICHD, NIH, Bethesda, MD 20892

TOTAL MAN-YEARS: PROFESSIONAL OTHER

CHECK APPROPRIATE BOX(ES)

Q (a) Human subjects

IXI (a1) Minors

D (a2) Interviews

D (b) Human tissues D (c) Neither

SUMMARY OF WORK (Use Mtenaera unreaueeO type Do not exceed the space pmnaea

)

TEMPORARILY INACTIVE

PHS 6O40 (Rev 1/84) a»e (i^-aii





DEPARTMENT OF HEALTH AND HUMAN SERVICES • PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

IZOIHD 00414-03 HGB

PERIOD COVERED

October 1. 1991 to September 30, 1992
TITLE OF PROJECT (80 c/iaracttrt or less, ritit must lit on on* lint bttwetn th» borOara )

Neurogenetics and Neural Development
PRINCIPAL INVESTIGATOR (LM Other proltssionti ptnonrtal bttow Iht Prmeipal lnv»illgator ) (Namt. MM. laboralory. and Htitmjla aftmaltert)

PI: Lawrence Chamas
Others: Christine Potter

Lauren Kenworthy
Stephen Scott

Dalano Hoang

Senior Staff Fellow

Biologist

Pre-IRTA
Junior Fellow

Laboratory Worker

HGB, NICHD
HGB, NICHD
HGB, NICHD
HGB, NICHD
HGB, NICHD

COOPERATING UNITS (a airf)

Department of Rehabilitation Medicine, CC (U.A. Chaudhry); Medical Neurology Branch, NINDS

(M. Dalakas, C. Luciano); Clinical Branch, NEI (M. Kaiser-Kupfer); BMSB, NICHD (Y.J. Lee, T.S.

Park): Yale University School of Medicine (R.I. White, Jr., P. Fayad)

LAB/BRANCH

Human Genetics Branch
SECTION

Unit on Neurogenetics
INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, MD 20892
TOTAL MAN-YEARS:

3.75

PROFESSIONAL:

1.0

OTHER:

2.75

CHECK APPROPRIATE BOX(ES)

\E (a) Human subjects

[^ (al) Minors

[^ (a2) Interviews

^ (b) Human tissues D (c) Neither

SUMMARY OF WORK (Vaa stanearxS unredueaa typa. Do nor aneaao Ifta ipaea provtOaa.)

Clinical:

a) The behavioral phenotype in the Oculocerebrorenal Syndrome of Lowe (OCRL) consists of 6 target

maladaptive behaviors. Additional heterozygote and prenatal hemizygote abnormalities have been

defined, b) The hazard rate of stroke, TIA, or brain abscess in patients with hereditary hemorrhagic

telangiectasia and pulmonary arteriovenous malformation is on the order of 1.5% per year, one

hundred times the rate in unaffected young persons, c) The distal myopathy of cystinosis is a

vacuolar myopathy, d) Neurologic manifestations of osteogenesis imperfecta include increased head

circumference, pseudoatrophy, basilar invagination, a substantial risk of skull fracture, and

hydromyelia. e) At least 15% of patients referred to NIH for growth hormone therapy of "normal"

very short children have unrecognized genetic causes for short stature.

Laboratory:

a) A mouse partial cDNA homolog of the human gene causing OCRL has been isolated. It is

expressed in high level in specific neurons of the adult nervous system, including Purkinje cells,

hippocampus, spinal cord gray matter, neural retina, and lens epithelium, b) In an amphibian system,

the low molecular weight neurofilament protein XNF-L is organized the same as mammalian NF-L's,

while XNIF has novel intron locations. By in situ hybridization, XNIF gene expression is first

detected in single spinal cord neurons at Stage 22, while XNF-L gene expression is first detected at

Stage 28. The relative abundance and order of expression of these two genes is similar, but 18-24

hours earlier than determined using antibody probes.

PHS 6040 (Rev I/B4I QVO tl 4.«lt





DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBUC HEALTH SERVICE
NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 00415-02 HS

PERIOD COVERED
October 1, 1991 to September 30, 1992
TITLE OF PROJECT (80 charactera or legs. Title mmt fit on one line between the borderg.l

Physiology and molecular Biology of Arachi donate Metabol i sm & iJHK Ntitat ion in CF.

PRINCIPAL INVESTIGATOR (List other professional pereonnel below the Principal InveBtigator.') (Name, title, laboratory, and

P.I. Anil B. Mukherjee, M.D., Ph.D. Senior Investigator HGB/NICHD
Co-P.I. Lucio Miele, M.D., Ph.D. Visiting Associate HGB/NICHD
Other Eleonora Cordella-Miele, M.D. Visiting Associate HGB/NICHD

COOPERATING UNITS (if any^

Uaiversity of Alabama (R. Frizzel I

)

LAB/BR\NCH
Human Genetics Branch
SECTION

Section on Developmental Genetics
INSTITUTE AND LOCATION
National Institute of Child Health and Knnan Development, NTH, Bethesda, M) 20892
TOTAL STAFF YEARS:

1.5

PROFESSIONAL:

1.25

OTHER:

0.25
CHECK APPROPRIATE BOX(ES)

D (a) Human subjects D (b) Human tissues

D (al) Minors
D (a2) Interviews

SI (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

Cystic Fibrosls(CF) is caused by a number of nutations in the gene coding for a
Ci4\P-regulated anion channel, the cystic fibrosis transmanbrane regulator (CFIR)
protein. The most comnon raitation is a deletion of Phe 508 (delta F508). Amajor
complication of GF is extensive inflamnation of the airways. Alterations in fatty
acid metabol i sm have been suggested to be part of the bioch»nical makeup of CF
patients with or without pancreatic insufficiency. It has been suggested that the
regulation of phosphol ipase A2 (PLA2)-catalyzed arachidonic acid release may be
defective in CF lymphocytes and fibroblasts. PLA2s catalyze the hydrolysis of
membrane phospholipids, releasing free fatty acids. We have studied calcium
ionophore A23187-induced arachidonic acid release in the following eel 1 lines: T84
cells, a colon carcinoma line which expresses high level of normal CFIR; CFPAC-1
eel Is , » pancreatic carcinoma line from a delta F508 CF patient and clones derived
from CFPAC- 1 cells after transfect ion wi th a retroviral vector containing the
normal CFIR gene (CFPAC-PLJ-CFIR) or with vect or on ly (CFPAC-PLJ). Our data
indicate that those lines containing a mutant CFIR and showing defective c-i4\P-
induced CI- efflux have a 5-10 fold higher arachidonate release than that in the
controls. This increased release is dependent upon extracellular calcium and is
further enhanced by phorbol-12-myris tate, I3-acetate (IM\, stimulator of FKC) but
not by the inactive derivative 4a phorbol , 12, 13 didecanoate and is inhibited by
staurosporine (a FKC inhibitor). An inhibitor of PLA2, quinacrine (200/M),
abolishes arachidonate release in these cells. These data suggest that calcium
and pKC-st imulated arachidonate release, possi bly catalyzed by PLA2, is
disregulated in cells carrying the delta F508 CFIR mu t a t i on in CF. Should this be
the case in respiratory epithelial cells, a chronically increased production of
pro-inf lanmatory and chemotactic eicosanoids might contribute to the pathogenesis
of the severe inflamnation comnonly found in the respiratory tracts of CF
patients.

PHS 6040 (Rev. B/92)





DEPARTMENT OF HEALTH AND HUMAN SERVICES - PITBUC HEALTH SERVICE
NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT hTUMBER

ZOl H) 00416-02 HGB

PERIOD COVERED
October 1, 1991 to Septonber 30, 1992

TITLE OF PROJECT (80 characterg or lega. Title mmt fit on one line between the borders.

1

Inhibition of HIV-1 Aspartic Protease
PRINCIPAL I>fVESTIGATOR (List other profetsional peraonnel below the Principal Investigator.'! (Name, title, laboratory, and

P.I. Anil B. Mukherjee, M.D.,Ph.D. Senior Investigator HGB/NICHD
Other Eleonora Cordella-Miele, M.D. Visiting Associate HGB/NICHD

COOPERATING tJNITS (if anv^

Laboratory of the Structure of Matter, Naval Research Laboratories (Keith Ward, N.

Pattabiramin) , Peptide Technologies Corporation, Washington, D.C. (Martha Knight)

LAB/BRANCH
Hiiman Genet

:

cs

SECTION

Developmental Genetics
INSTITUTE AND LOCATION
National Institute of Child Ifealth and Human Development, NIH, Bethesda, NP 20892
TOTAL STAFF YEARS:

1.25
PROFESSIONAL:

1.0

OTHER:

0.25
CHECK APPROPIUATE BOX(ES)

D (a) Human subjects D (b) Human tissues

D (al) Minors

(a2) Interviews

El (c) Neither

SUMMARY OF WORK fUse standard unreduced type. Do not exceed the space provided.'

TEHVnN\TED

PHS 6040 (Rev. 5/92)





DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBUC HEALTH SERVICE
NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl H) 00910-13 HGB

PERIOD COVERED
October 1, 1991 to September 30, 1992

TITLE OF PROJECT (80 charactere or less. Title must fit on one line between the borders.')

Uteroglobin, cclOkPa protein, Phospholipase A^, Osteopontin and HIV-1 Protease
PRINCIPAL INVESTIGATOR (List other professional personnel below the Principal Investigator.! (Name, title, laboratory, and

P.I.

Other:

Anil B. Mukherjee, M.D.,Ph.D.

Lucio Miele, M.D.,Ph.D.

Eleonora Cordella-Miele, M.D.
Giuditta Mantile, Ph.D.

Alessandro Peri, M.D.
Simone Beninati.Ph.D.

Ijeoma Nwaeze

Senior Investigator

Visiting Associate

Visiting Associate

Visiting Fellow

Visiting Fellow

Professional Services

Stay-in-School

HGB/NICHD
HGB/NICHD
HGB/NICHD
HGB/NICHD
HGB/NICHD
HGB/NICHD
HGB/NICHD

COOPERATING UNITS (if anvl

Harvard Nfcdica I School (D.R. Senger), McGi 1 1 U. (B.B. Mukherjee), Georgetown U.
(R. Dbanireddy), GAU (M. Manyak), Naval Research Lab. (K. Ward, N. Pat tabi raman)
U. Pittsburgh (G Singh S Kafvan II nf Rnme TS Beninnti^
LAB/BRANCH
Hiiman Genet ics

SECTION

Developmental Genetics
INSTITUTE AND LOCATION
National Inst i tute of Oil Id Heal th & Human Development , NIH, Bethesda, \P 20892
TOTAL STAFF YEARS:

5.5
PROFESSIONAL:

5.0
OTHER:

0.5
CHECK APPROPRIATE BOX(ES)

D (a) Human subjects D (b) Human tissues

D (al) Minors
D (a2) Interviews

D (c) Neither

SUMMARY OF WORK fUse standard unreduced type. Do not exceed the space provided.!

During the past year we have: (a) demonstrated that phospholipase A2 (PLA2) is
activated by transglutaminase (TG) and factor Xllla-mediated polyaminat ion of this
enzyme; (b) developed a monospecific antibody that completely inhibits the
activity of PLA2 and Identified a specific region of this enzyme (residues 21-40)
wiiich interacts with the neutralizing antibody; (c) expressed recombinant human
cclOkDa protein at high level in E. col i . purified this protein to homogeneity and
demonstrated that this protein is a potent inhibitor of PLA2 activity as well as
that it is a substrate of IG; (d) demonstrated that ccIOkDa gene is expressed in
various tissues and cells other than the pulmonary alveolar Clara cells as was
originally thought; (e) discovered that surfactant-producing rabbit pulmonary
alveolar type II cells synthesize and secrete UG, thereby protecting the
phospholipid coiiq)onent of the surfactant; (f) delineated a specific region of
osteopontin (GP) which is the calcium binding site of this protein; (g) shown that
in the milk of mothers wiio delivered premature Infants, the (X* level is
significantly higher than in the milk of mothers who delivered at term suggesting
a possible role of GP in calcium transport from mother to the neonate; (h)
discovered a novel IG-nnediated post t ranslat ional modification of CP which may
enhance its interact ion wi th fibronectin, an extracel lular matrix (ECM) protein;
(i) discovered a novel splicing of CX* nfiN\ with possible regulatory role in
transcriptional and/or post transcript ional events, possibly explaining the
multifunctional role of OP in diverse cell types and tissues; ( j ) demonstrated a
TG-mediated polyaminat ion of HIV-I protease, similar to the ones observed for
PLA2, which may have implication for its activation; (k) developed a rapid and
single radiometric assay for HIV-1 aspartyl protease (HIV-l AP) for screening of
potential inhibitors of this enzyme; (I) developed monoclonal antibodies of AP
which inhibit its activity. A patent application for the radiometric assay of
HIV-1 AP has been filed and a CRADA on further characterization and development of
this assay has been established.

PHS 6040 (Rev. 6/92)





DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HP 00912-13 HGB
PERIOD COVERED

October 1, 1991 to September 30, 1992
TITLE OF PROJECT (SO cAaracWrs or lass TM must tit on one Hm balwen ttta borrjars.)

Gene Regulation and Cellular Differentiation

PRINCIPAL INVESTIGATOR (Usi ettter prolassional personnti below m» Principal ln*astigator) (Name. We. laboratory, ana mginuta aHiHaliort)

PL Janice Y. Chou

Others: Ke-Jian Lei

Naohiro Wada
Leslie Shelly

Wei-Xiong Li

Margaret Chamberlin

Head

Visiting Scientist

Visiting Fellow

Visiting Fellow

Courtesy Investigator

NRC Biotechnology Fellow

HGB, NICHD

HGB, NICHD
HGB, NICHD
HGB, NICHD
HGB, NICHD
HGB, NICHD

COOPERATING UNITS (» any)

Institute of Cell and Tumor Biology, German Cancer Research Center, Federal Republic of Germany

(Drs. G. Schutz and S. Ruppert); University of Florida (Dr. D. Chen); University of Colorado Health

Sciences Center, CO (Dr. K.K. Leslie); University of Illinois (Drs. M. Zilberstein and G. Gibori)

LAB/SRANCH

Human Genetics Branch

SECTION

Section on Cellular Differentiation

INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, MD 20892

TOTAL MAN-YEARS:

9.5

PROFESSIONAL:

7.0

OTHER

2.5

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects

D (al) Minors

D (a2) Interviews

Kl (b) Human tissues D (c) Neither

SUMMARY OF WORK (Use ttaniJart) unreOueea type. Do no) aicaed the space proviOaa.)

We have determined the structural organization of pregnancy-specific glycoprotein subclass

1 (PSG 1 -I) and subclass 3 (PSG 1 2) genes and identified the cis-acting elements in the PSG 5'-flanking

regions required for expression. Nucleotides -835/-34 (PSG12) or -834/-34 (PSGl-I) upstream of

the translational start site contain both positive and negative regulatory elements that modulate

expression in human placental cells. The -172 to -74 DNA region contains the PSG 12 promoter

elements including a binding site(s) for protein factors in the human placental cell extract.

We have immortalized human placental cell lines with adenovirus-origin-minus SV40
recombinant viruses containing either wild-type (wt) or temperature-sensitive (ts) A mutants of SV40.

Cells transformed with the SV40 tsA chimera (HP-A I and HP-A2), but not the SV40 wt chimera

(HP-Wl), were ts for transformation. All three cell lines express the trophoblast-specific genes PSG
and the a and subunits of hCG and support expression of PSG promoter-CAT fusion gene.

We have also examined the molecular mechanisms that activate germ cell alkaline phosphatase

AP (GCAP) but inactivate placental AP (PLAP) expression in human choriocarcinoma cells.

Different cis-acting elements in the 5' -flanking regions of GCAP and PLAP genes control their

differential expression. Choriocarcinoma-specific expression is mediated within the -156 to -1 bp

region relative to the GCAP transcription start site (+1). Within the minimal enhancer element, three

sites, I (-63/-44), II (-87/-67), and III (-136/- 103), were shown to bind choriocarcinoma nuclear

proteins. Since the 5'-flanking region in the PLAP promoter lacks the high affinity protein binding

site I and II, choriocarcinoma cells express low or undetectable levels of the PLAP gene.

PHS 6040 (Rev 1/64)





DEPARTMENT OF HEALTH AND HUMAN SERVICES • PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT koi HD 0091 3-02 HGB

PROJECT NUMBER

PERIOO COVERED

October 1. 1991 to September 30. 1992
TITLE Of PROJECT (80 efurteltrs or less Title must lit on one Ime berwten tne OorOers )

Molecular Basis of a 1 -Antitrypsin Deficiency
PRINCIPAL INVESTIGATOR (Usl ottter proltssionn personnel below lf>e PhnelptI miftsligetor ) (Heme. Otie. leboretory. en<3 mmult emellon)

PL Mark Brantly Senior Staff Fellow HGB, NICHD

Others: Victor Laubach Pre-IRTA HGB, NICHD
Jeff Hildesheim Special Volunteer HGB, NICHD
Barbara Rundquist Special Volunteer HGB, NICHD
Carol Blank Medical Staff Fellow HGB, NICHD
Jeffrey Redwine Biologist HGB, NICHD

COOPERATINQ UNITS (K eny)

Sect, on Human Biochem. Genetics, Sect, on Cell. Differ., and Sect, on Genetic Disorders of Drug

Metab., NICHD; Pulm. Br., NHLBI; Dept. Ped., Berne, Switzerland; Dept. of Chem. Path., St.

Vincent's Hosp., Melbourne; Dept. of Resp. and Cardiovasc. Sciences, Univ. "La Sapienza" Rome
LAB/BRANCH

Human Genetics Branch

SECTION

Unit on Genetic Disorders of Secreted Proteins

INSTrrUTE AND LOCATION

NICHD, NIH, Bethesda, MD 20892

TOTAL MAN-YEARS.

2.6

PROFESSIONAL;

1

OTHER

1.6

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects E (b) Human tissues D (c) Neither

D (al) Minors

D (a2) Interviews

SUMMARY OF WORK (Use ttenaera unreoucea rype Do not etceea the speee promOea

)

Our studies have focused on determining the molecular basis of a 1 -antitrypsin (qIAT;

deficiency, the study of neonatal alAT serum levels and the identification of qIAT deficient

individuals for study in the alAT Deficiency Registry. In the past year we have identified a novel

null qIAT variant, alAT Null-Trastevere, characterized the first splicing mutation identified in the

alAT gene (alAT Null-West) and determined the molecular basis of the novel null allele Null-New

Hope. Finally, serving as the reference olAT phenotyping laboratory for the alAT Deficiency

Registry, the lab has identified 459 profoundly al AT-deficient individuals throughout the USA and

Canada.
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NICHD Annual Report

October 1, 1991 to September 30, 1992

Laboratory of Comparative Ethology

The Laboratory of Comparative Ethology (LCE) carries out a program of basic research investigating

behavioral and physiological development in humans and in nonhuman primates. Both genetic and

environmental influences and their multiple interaaions are explored in a comparative approach in order

to charaaerize the origins, ontogeny, and outcomes of various behavioral phenotypes. Results of

experimental studies of biobehavioral development in nonhuman primates are correlated with findings from

long-term prospeaive investigations of human infants and their families, as well as with data obtained by

neuroscience techniques. Longitudinal designs are employed to address issues of developmental continuity

vs. change, and in many of the investigations a variety of both behavioral and physiological measures

reflecting multiple levels of analysis are collected concomitantly. A major emphasis is placed on

charaaerizing and understanding normative patterns of behavioral and physiological development so that

deviant patterns can be readily identified and their consequences evaluated with respect to established

norms, and the efficacy of various interventions specifically targeting such patterns can then be assessed

experimentally.

The LCE consists of four sections. The Comparative Behavioral Genetics Section, headed by Stephen

Suomi . investigates biological and behavioral development in selected nonhuman primate species by

focusing on interactions between genetic and environmental factors that affect the course of an individual's

ontogeny throughout the lifespan. The Child and Family Research Section, headed by Marc Bomstein .

examines perceptual, cognitive, and language development in human infants and children, with special

emphasis on studying the relationships among early attentional processes, social stimulation from caregivers,

and subsequent cognitive capabilities. The Section on Social and Emotional Development, headed by

Michael Lamb , studies the effects of different types of caregiving practices on human infant and toddler

social and emotional development and cognitive competence. Particular attention is given to longitudinal

approaches that transcend childhood and adolesence and those examining long-term outcomes in

nonnormative samples of both parents and children. Finally, the Developmental Neuroethology Section,

headed by John Newman , uses neuroscience techniques to study brain mechanisms involved in the

production of various types of primate vocalizations, to examine subtle acoustical differences in these

characteristic calls, and to investigate their funaion in several primate species, including humans.

Comparative Behavioral Genetics Section fCBGS)

During the past year continued longitudinal study of several groups of rhesus and capuchin monkeys

provided detailed evidence and new insights as to how both genetic and environmental factors differentially

influence developmental processes in various behavioral and physiological domains at different stages of

ontogeny, in different settings, and in different species. Prospective examination of rhesus monkey infants

reared either by their biological mothers or in a neonatal nursery with peers revealed significant differences

in blood chemistry values, with nursery-reared infants having higher hematocrit levels, hemoglobin

concentrations, corpuscular volumes, and iron and neutrophil concentrations, and lower lymphocyte

concentrations, than their mother-reared counterparts. Such differences were not apparent prior to 2

months of age, but they became greater in succeeding months, largely due to progressive declines (increases

for lymphocyte concentrations) in the mother-reared infants' values from their 2-month levels.

Some of these nursery-reared and mother-reared infants were offspring of selectively bred parents with

unusually high or low values of 5-HIAA, the principle CSF serotonin metabolite in this species; previous

work had demonstrated that individual differences in 5-HIAA levels were heritable in the LCE colony.

However, preliminary evidence revealed no striking behavioral differences between offspring of high 5-

HLVA parents and those from low 5-HIAA parents, nor between those offspring and those of randomly

mated parents, over the infants' first 5 months of life. In contrast, major behavioral differences were found



between mother-reared and nursery-peer-reared infants, independent of parental pedigree. Analyses of CSF
values of 5-HIAA and other monoamine metabolites, as well as plasma measures of HPA axis activity,

obtained from these infants throughout the first 5 months are currently underway.

Continued prospective study of groups of selectively bred mother-reared and nursery-peer-reared rhesus

monkeys housed together in large peer groups after 6 months of age did reveal heritable differences in 5-

HIAA levels, and these differences remained stable from late infancy through puberty and into early

adulthood. Furthermore, there were major behavioral differences associated with these stable differences

in 5-HIAA levels. Monkeys with high 5-HIAA levels were consistently more affiliative and maintained

higher status in the dominance hierarchy of their respective social groups throughout development than

their peers with low 5-HIAA levels, who typically were involved in more aggressive encounters and

appeared less socially competent. Of considerable interest was a striking age-by-rearing condition

interaction for both 5-HIAA levels and aggressive behavior. During their first 2 years of life the nursery-

reared monkeys had higher CSF levels of 5-HIAA than their mother-reared counterparts, but by puberty

these values had become reversed, with mother-reared monkeys exhibiting higher 5-HIAA levels. Moreover,

this developmental reversal was also reflected behaviorally, in that nursery-reared individuals became

hyperaggressive and were socially inept relative to their mother-reared agemates by the time they reached

puberty.

Another study completed this past year examined the relationship between 5-HIAA levels and specific

patterns of behavior in wild adolescent male rhesus monkeys. These adolescent males, living in free-

ranging troops on Morgan Island, SC, were observed over a 4-month period, during which time blood and

CSF samples were repeatedly collected. Preliminary analyses revealed that levels of plasma ACTH and

CSF 5-HlAA were relatively stable throughout the study, and that monkeys with the highest levels of

plasma ACTH and lowest levels of 5-HIAA also displayed the highest levels of "impulsive" behavior and

were most likely to be involved in serious fights and be expelled from their natal social groups.

Other studies continued this past year focused on cross-generational transmission of specific behavioral and

physiological patterns in rhesus monkeys. Long-term follow-up of monkeys reared for their first 6 months

by biologically unrelated "foster" mothers who differed in their characteristic maternal "style" compared

these monkeys' reactions to short-term separations with those of both their biological mothers and their

foster mothers. Analyses completed to date revealed much stronger concordance of behavioral,

adrenocortical, and monoamine responses of the subjects with those of their biological mothers than with

those of their foster mothers, despite the fact that they had no direct experience interacting with their

biological mothers. On the other hand, comparisons of the foster-reared monkey females' maternal

behavior toward their first-bom offspring revealed the opposite pattern: the foster-reared mothers' levels

of physical contact with their offspring over the first 6 months postpartum more closely resembled the

levels displayed by their foster mothers with them as infants than the levels displayed by their biological

mothers toward previous infants of comparable age. These findings suggest that biobehavioral patterns of

response to certain environmental stressors may be transmitted across generations largely via heritable

mechanisms, whereas cross-generational transmission of particular patterns of maternal behavior may be

largely a function of specific early experiences.

Long-term consequences of specific early experiences involving mother-infant relationships were also

examined in a study of free-ranging groups of wild rhesus monkeys on Cayo Santiago, PR. The study

focused on the infants' responses to naturalistic maternal separations resulting from their mothers mating

activity when the infants were 5-8 months old, and their subsequent response to capture and brief (>24

hrs.) confinement for collection of behavioral, cardiac, adrenocortical, and immunological data at 12 months

of age. The infants displayed a wide range of individual differences in response to the naturalistic maternal

separations, although such differences were not related to any measures of either the infants' or their

mothers' behaviors prior to separation. The differences in severity of separation reaction, however, were

predictive of differences in magnitude of behavioral and immunological (but neither cardiac nor

adrenocortical) responses to subsequent capture and confinement. In addition, there were consistent sex

differences in coping strategies exhibited during the periods of maternal absence: female infants increased



the amount of time spent with older siblings and maternal kin, whereas male infants increased the amount

of time spent in interactions with peers. Moreover, the responses of infants to maternal separation also

had long-term consequences for their mothers, in that mothers whose infants had the greatest success in

gaining access to their nipples during this period failed to conceive, despite frequent mating activity,

whereas mothers of infants with low levels of successful nipple contact all became pregnant during the

same period.

A new set of analyses of behavioral data collected on the rhesus monkey troop housed in the LCE's 5-

acre outdoor enclosure at the NIHAC focused on their use of the shelter area within the enclosure as a

"secure base" for exploration and other activities. Traditional ecological analyses of habitat utilization by

free-ranging primates have centered on physical features of the environment (e.g., arborial, terrestrial,

aquatic) or on functional characteristics (e.g., feeding sites, exposure to/protection from predators, etc.).

In contrast, the notion of a "secure base" is a psychological concept and has traditionally been applied to

individuals, e.g., a mother providing a secure base for her infant. The present analyses sought to expand

this psychological concept to a physical entity, namely the shelter area, rather than to any particular

individual and then to determine to what extent different group members systematically varied their

behavioral repertoires as a function of relative distance from the shelter area. The initial results of these

analyses revealed major age-sex class differences in how the monkeys modified their activities as a function

of distance from the core shelter area. Ongoing analyses are examining to what degree individual

differences in temperament, based on observer ratings and physiological characteristics, are predictive of

individual differences in secure-base behavior within age-sex classes, as well as evaluating the relative

efficacy of this means of characterizing habitat utilization compared to more traditional ecological

approaches.

A final set of studies carried out in the CBGS in 1992 utilized the LCE's rapidly expanding capuchin

monkey (Cebus apella ) colony. A thorough cross-sectional analysis of baseline behavioral repertoires across

the 50-member colony housed in 3 different physical and social settings (large outdoor corncrib containing

species-typical social group, mid-sized indoor-outdoor jjens containing adults, juveniles, and infants, and

indoor cages containing several adults and infants but no juveniles) was completed this past year. The

analysis documented major differences in overall repertoires of capuchin monkeys from those of rhesus

monkeys and other macaque species. Most notably, capuchin monkeys of all age-sex classes are much more

active physically and have much more extensive vocal repertoires than rhesus monkeys. However, their

levels of social behaviors involving either physical contact (e.g., grooming, play, and aggression) or visual

signalling are far below rhesus monkey norms. Moreover, the relative complexity of their social

interactions, especially in terms of numbers of participants in routine social exchanges, pales in comparison

to that of rhesus monkeys. Conversely, capuchin monkeys of all age-sex classes spend much more time

and effort exploring and manipulating physical aspects of their environment than is characteristic of rhesus

monkeys or other macaques.

The extensive manipulative propensities of capuchin monkeys were further investigated in a series of studies

examining tool-use. Capuchins are unique among both New World and Old World monkey species in the

extent and complexity of their use of tools, although there are clearly major differences among individuals

that appear to transcend age, sex, and social status variables. These studies involved systematically

presenting capuchin monkey groups with objects selected for their potential to elicit innovative behavior

and manual asymmetry. Approximately 30% of the subjects in these groups spontaneously combined

objects and used them as took. These monkeys utilized combinatorial strategies similar to those used by

human infants and chimpanzees in analagous situations. Analysis of lateral preference patterns in tool use

activities revealed a consistent left-hand bias for tasks with a substantial spacial component. These findings

provide evidence for continuity among primates in the hierarchical organization of combinatorial behavior.

Finally, extensive data collection was continued in a major longitudinal study of capuchin monkey

biobehavioral development designed to characterize normative patterns of behavioral and physiological

ontogeny from birth to adulthood, as well as assessing the scope and developmental trajectory of individual

differences for each behavioral and physiological measure. Analyses completed this past year focused on



developmental changes in activity state profiles and behavioral development over the first year of life.

Results to date indicate that capuchin monkey infants exhibit patterns of developmental changes in activity

state profiles that are highly similar to those shown by rhesus monkey infants during the first year, and

that individual differences in activity state profiles during the first 2 months of life are predictive of

subsequent differences in exploratory behavior and object manipulation. However, the mother-infant

relationships that emerge in capuchins are fundamentally different from those seen in rhesus monkeys in

terms of constituent behaviors, developmental changes, nature and degree of attachment-like activities, and

long-term outcomes. Moreover, infants differ considerably from one another in relative levels and

magnitude of developmental change in mother-directed behaviors. These individual differences appear to

be more a function of differences in infant activity state profiles than in the different physical and social

environments in which the infants are being reared.

The Unit on Brain, Behavior and Communication utilized squirrel monkeys to carry out studies of play

behavior among juveniles, vocal interactions in groups of adult females, and the development of vocal

repertoires in well-socialized squirrel monkey infants. The studies involving play behavior investigated

environmental factors facilitating or inhibiting play interactions among familiar partners and those

contributing to role reversals within specific play bouts. Preliminary findings also suggested an inverse

relationship between an individual's levels of play behavior and its plasma Cortisol levels. Playback

techniques were employed to demonstrate that adult female squirrel monkeys recognized and responded

appropriately to recorded "chuck" calls originating in different communicative contexts, but only if the calls

had been recorded from group members rather than from strangers. Initial findings from the vocal

repertoire developmental study suggested that most developmental changes in specific vocal patterns are

relatively small and most likely attributable to the maturation of vocal structures. Some calls drop out

of the repertoire after infancy, whereas the chuck call emerges after the first year. An unexpected finding

was the discovery of extensive eye-to-eye contact used to encourage vocal interactions with infants. While

this phenomenon is well-known for human infants, it had not been previously reported in nonhuman

primate species. Eye contact with these squirrel monkey infants began in the very first weeks of life, was

highly correlated with infant vocal responses, and was initiated by both mothers and other females in the

social group, depending on who had the best view of the infant, at the time of each vocal exchange.

Child and Family Research Section (CFRSI

Research carried out in the CFRS this past year made significant progress in several areas of investigation

focusing on the development of cognitive, social-emotional, and language capabilities in infants and young

children from different U.S. populations and across several Western and Oriental cultures. To begin, new

procedures for evaluating psychophysiological responsivity in very young infants via heartrate telemetry were

developed and validated for use in prospective longitudinal studies. Procedures for assessing infant

temperament from multiple perspectives were also developed and standardized. One goal of this work was

to develop a system that allowed comparisons of global maternal perception assessed via questionnaire,

maternal report on direct observation, and observer report on direct observation of the same temperament

behaviors. To this end, individual variation, short-term stability, and convergence between mother and

observer for a single series of temperament items were examined in two visits 6 days apart to the homes

of mothers with 5-month-old infants. The observers recorded infant behaviors during a structured series

of vignettes, and mothers reported on the same behaviors; mothers also completed questionnaires

corresponding to these assessments before the first and after the second home visit. Behavioral patterns

recorded by the observers proved psychometrically adequate, demonstrating both individual variation and

short-term stability. No significant agreement between mother questionnaire ratings and observer

assessment were found, but mother-observer agreement on assessments made during the home visits was

significant. Mothers and observers each showed overall reliability between the 2 home visits, and mothers

showed moderate to high agreement in global ratings across the assessment series.

Previous work in the CFRS demonstrated that 3 skills characterizing cognitive functioning at 5-6 months

of age ~ habituation, novelty preference, and cross-modal transfer - predicted later childhood mental

ability. During the past year antecedents of each skill at 5 months were examined in a short-term



longitudinal study of infant ability and maternal intelligence and interaction style. Infant perceptual-

cognitive capacity at 2 months, maternal intelligence, and maternal responsiveness at 5 months each

contributed in different ways to the expression of 5-month cognitive skills. Thus, variation in infant

information-processing ability could be explained by specific child and maternal factors that were evident

soon after birth.

Other studies focused on mother-infant interaction patterns at 5 months of age among mother-infant dyads

from different U.S. samples and from different cultures. Infants from these different populations revealed

similar general patterns of cognitive, language, and play behavior, although consistent population and

cultural differences in some of the mothers' behaviors toward their infants were apparent. For example,

at 5 months infants from American families differing in SES exhibited comparable frequencies and

durations of vocal, exploratory, and play behavior, and their mothers' nonverbal interactions did not differ

as a function of SES. Mothers of higher SES displayed higher frequencies of verbal interactions, however.

Similarly, while infants from Israel, France, Argentina, and Japan did not differ from infants in U.S.

samples in their frequency of looking or vocalizing or their rate of habituation at 5 months of age,

Japanese mothers engaged in more social and imitative exchanges and fewer didactic interactions with their

infants than did U.S. mothers, while Argentine mothers exhibited higher frequencies and longer durations

of interaction with their 5-month-old infants than mothers from the other cultures.

The start of the second year is a period of transition and substantial variability among toddlers in language,

play, and attention abilities. One longitudinal study examined the antecedents of variation among 13-

month-olds in exploratory competencies by assessing the infants' own information-processing abilities at

5 months (indexed by visual fixation in the laboratory), the infants' vocal and exploratory activities at 5

months (measured during naturalistic observation in the home), the mothers' stimulation of infants at 5

months, and the mothers' IQ. Infant visual fixation and maternal IQ predicted toddler symbolic play:

while infant visual fixation, infant activity, and maternal IQ predicted toddler attention span. Structural

equation modeling was used to assess prediction of the three significant antecedents (infant visual fixation,

infant activity, and maternal IQ) to toddlers' exploratory competence, a latent variable representing the

shared variance between play and attention. Together, the three predictors accounted for 50% of the

variance in toddler exploratory competence. These data broaden the scope of infant and mother prediction

beyond toddler verbal/representational abilities to encompass domains of toddler exploration.

Cross-cultural analyses revealed similar general patterns of change in didactic interactions by mothers with

their infants from 5 to 13 months of age, in that mothers in all cultures studied consistently made more

direct statements to, asked more questions of, and reported more ongoing events to their infants at 13

months than at 5 months. However, at 13 months there were clear cultural differences in the relative rates

of each type of didactic interaction. For example, Argentine mothers made more direct statements to their

infants, whereas U.S. mothers asked their infants more questions, while Japanese mothers engaged in more

affect-salient and imitative interactions with their 13-month-old infants.

Other analyses compared Japanese the American mothers and their 13-month-old toddlers on various

dimensions of play interactions. Generally speaking, Japanese tended to engage in more symbolic play than

their American counterparts, and Americans tended to engage in more nonsymbolic play. Japanese and

American mothers were equal in nonsymbolic play demonstrations, but Japanese mothers showed more

symbolic play demonstrations; American mothers showed more nonsymbolic play solicitations, but Japanese

mothers showed more symbolic play solicitations. Japanese and American toddlers were equivalent on

nonsymbolic play, but Japanese toddlers engaged in significantly more symbolic play. In summary,

assessments of toddler language and play and mother stimulation did not "globally" favor one or an other

culture. Instead, American mothers tended to make more referential statements about the environment,

and American toddlers tended to be more advanced in productive and receptive language. In contrast,

Japanese mothers tended to demonstrate and solicit more pretense play from their toddlers (where

American mothers favored nonsymbolic play), and Japanese toddlers tended to exhibit more symbolic play.



Two additional studies completed this past year also focused on toddler play in an American sample. First,

mother and child's nonsymbolic and symbolic play were evaluated during child-play-alone and child-play-

with-mother sessions involving 20-month-old toddlers and their mothers. Child play with mother was

divided into play bouts that were either child-initiated (CI) or mother-initiated (MI). The average level

of symbolic play was similar across play alone and CI and MI play, but the proportion of play that was

symbolic increased linearly across these three types of play. Proportion of child play that was symbolic

was stable from play alone to CI play, and CI play to MI play, but not from play alone to MI play.

Maternal nonsymbolic and symbolic solicitations and demonstrations were differentially and significantly

associated with CI and MI play, and with the change from play alone to CI and MI play, but were not

associated with play alone.

A follow-up longitudinal study investigated how the symbolic play of 20-month-old toddlers may be

structured and organized by mothers and how this may contribute to the child's narrative skills at 4 years.

Narrative skills were assessed during the 48-month follow-up study in a play-storytelling situation. After

10 minutes of play with props in a laboratory playroom, each child was asked to tell a story about the

props. Play narratives were rated according to level of complexity. Hierarchial regression analysis showed

that the level of the child's play alone and the level of the mother's play at 20 months did not contribute

significantly to later narrative ability. However, the child's play level while playing with the mother was

strongly associated with the child's later narrative ability. Future research will examine the content of

mothers' speech to identify specific aspects (e.g., labelling, directives, or planful comments) that may
contribute to the child's later narrative skills. Individual differences which may enable certain children to

benefit and learn from their mothers will also be assessed.

Finally, data collection was completed on a study designed to assess possible long-term effects of

contrasting child care circumstances in infancy on cognitive abilities during preschool and again in first

grade. Three samples of American children were studied, one in which the children had been reared at

home by their mothers from infancy, a second in which the children had been reared at home exclusively

by a nonfamilial caregiver from infancy, and a third sample in which the children had been reared from

infancy in a group out-of-home day-care situation. At 4 years of age the children were tested for language

competence, short- and long-term memory skills, and number concepts. The children were tested again

at 6 years of age for achievement levels in reading, spelling, and arithmetic. Questionnaire data regarding

the children's social and behavioral development were also obtained from children's mothers and teachers.

Preliminary analyses of the test and questionnaire data have revealed few dramatic differences among the

children attributable to different early rearing conditions. Individual differences in cognitive abilities

appeared to be quite stable from 4 to 6 years, but was little stability in the behavioral measures.

Interestingly, preschool behavioral measures were predictive of first grade cognitive measures, but preschool

cognitive measures were not predictive of first-grade behavioral differences among the children. Analyses

currently in progress are utilizing structural equation modelling based on maximum liklihood estimation

to test goodness of fit with models in which both maternal abilities and characteristics and the amount

and kind of nonmatemal child care during the preschool years are being used to predict children's

behavioral outcomes and cognitive abilities at 4 to 6 years.

Section on Social-Emotional Development TSSED)

Research canied out in the SSED during this past year centered on 5 different projects investigating

various aspects of social-emotional development from infancy through adolescence and even across

generations. The first project continued longitudinal study of individual differences in infant temperament,

fearfulness, adrenocortical reactivity, and heartrate patterns throughout the first year of life. Analyses of

the temperament data revealed that mothers' reports of their infants' fussiness, unpredictability,

unadaptability, and fear of novelty were intercorrelated and remained relatively stable throughout the first

year of life. Infants with two or more symptoms of irritability at 4 months were over-represented among
subjects scoring high on maternal ratings of fear of novelty at 5 and 7 months, maternal perceptions of

fussiness throughout the first year, and indices of negative emotional expressiveness at 10 months of age.

Moreover, infants who were rated as highly fearful of novelty between 5 and 10 months of age were



perceived by their mothers as fussy/difficult, had high levels of social orientation at 10 months, were most

likely to be rated high on fear of novelty at 13 months, and were highly inhibited in the laboratory session

at 13 months.

Longitudinal analyses of salivary Cortisol levels over the same period demonstrated that Cortisol levels

increased with age and varied as a function of diurnal rhythms; higher levels prevailed in the early morning

rather than at any other time of the day. Cortisol levels increased following a mildly stressful laboratory

procedure. Infants who behaved in an uninhibited fashion at 13 months of age tended to have low

Cortisol levels whereas those children who were inhibited tended to have higher levels of Cortisol. There

were significant developmental declines in heart rate as the infants grew older, whereas measures of infant

heart-rate variability were not systematically affected by age. Stress-related decreases in heart-rate

variability and increases in heart rate were evident after emotion-eliciting stimuli had been presented, and

the results clearly demonstrated developmentally stable individual differences in measures of heart rate

activity and variability.

Subjects with high rates of negative emotional expressivity at 7 and 10 months and those with low rates

of positive emotional expressivity at 10 months behaved in more inhibited fashion at 13 months. Similar

results were found when fear of novelty and behavioral inhibition were viewed as either continuous or

categorical dimensions. Fear was best predicted by earlier maternal report measures, whereas behavioral

inhibition was best predicted by objective measures of emotional expressiveness. However, neither reported

fear of novelty nor behavioral inhibition was significantly predicted by the physiological indicators-cortisol,

cardiac vagal tone, or heart rate. These results suggest that behavioral inhibition is not an independent

dimension but instead part of a constellation of negative emotional tendencies that are developmentally

stable from early in infancy.

A second study involved long-term follow-up of a Swedish sample of children who had been raised since

16 months of age in a center day-care setting, in a home day-care setting, or at home with one or both

parents. Analyses completed this past year focused on measures of child noncompliance and aggression

at 28, 40, and 60 months of age. It was found that noncompliance and aggression were not correlated at

any age, and individual differences in aggression were stable across all ages whereas individual differences

in noncompliance were not. Boys were more aggressive than girls at each age (but not less compliant);

high levels of noncompliance for both sexes were associated with more controlling parental styles.

Multivariate analyses revealed that the type of early child care arrangements did not predict individual

differences in either aggression or noncompliance, whereas quality of early home care was a strong

predictor of both.

The relationship between aggressive parent-child interactions and attributions of both the child and the

parent were explored in a third series of studies involving 7-to-9-year-old boys and their mothers. A major

aim of this research was to determine whether certain setting conditions (e.g., maternal and/or child

depression, maternal and child negative life events, marital conflict, and socioeconomic status) predispose

some mothers and children to make negative attributions and interact coercively. Both maternal and child

attributions, as revealed in interviews about one another, were significantly related to coerciveness of their

interactions, as evident in two game-like tasks that required coordination and cooperation for optimal

performance. The most aggressive dyads were those in which both mothers and sons perceived hostile

intent in the other. Attributions of hostile intent on the part of both mothers and sons were also

associated with increased occurrence of aggressive and coercive interactions in other settings. Additional

analyses revealed that the sons' attributional biases and their mothers' negative behavior had independent

effects on the sons' subsequent aversive behavior. Finally, the relationship between attributions and

coercive interactions were found to be moderated by marital conflict and maternal education, such that the

association between attributions and coercive behavior was stronger when maritial conflict was low and

mothers were better educated.

A fourth area of research carried out in the SSED this past year explored the effects of domestic violence

on 8-to- 12-year-old children who were either victims of physical abuse, witnesses of spousal abuse, both



victims and witnesses, or neither. Interview and questionnaire data were obtained independently from the

children, their parents, their teachers, and their peers. Analyses completed to date revealed that children

who experienced physical abuse had more negative perceptions of their parents than those who had not

experienced physical abuse. In cases where only one of the parents was abusive, children assigned more

negative items to the perpetrator than to the non-perpetrating parent. Additionally, the abused children

reported lower self-evaluations of their own physical and social competence. According to maternal

reports, children had high levels of problematic behavior when spouse abuse had occurred, whereas children

reponed higher levels of problematic behavior when they themselves had been abused. Children who were

abused by their parents but had not observed violence between parents were rated by their teachers as

more aggressive, unpopular, and nervous than children in the comparison groups. These children also

reported high levels of depressive symptomatology. Fathers' and teachers' perceptions of the children's

behavior problems were unrelated to group status. Teachers reported that children from the three clinical

groups were more aggressive than their counterparts in the comparison group but reported no differences

on the dimensions of isolation and leadership. Peers reported no group differences on any of the three

dimensions. These findings suggest the importance of obtaining reports from a variety of sources when

evaluating children's behavior problems. In spite of the fact that the behavior problems scales were

standardized separately for boys and girls, the girls in this sample were found to be more adversely affected

than their male counterparts. Overall, the results demonstrate that domestic violence has effects on child

development that vary in nature depending on the type of violence and the source of information about

the child's adjustment.

Finally, data obtained from the nationally representative National Longitudinal Survey of Youth (NLSY)

and the National Survey of Adolescent Males (NSAM) were used to compare self-reported involvement

in nonsexual problem behaviors (theft, personal violence, drug use, and school problems) in adolescents

who were either virgins, sexually experienced but nulliparous, or who had ever been pregnant or become

parents. The results of logistic regression analyses showed that, after controlling for the effects of

sociodemographic status, age, school status, and frequency of attendance at religious services, sexually

experienced but never pregnant adolescents were more likely than virgins to have been involved in problem

behaviors. Adolescents who were parents or pregnant were no more likely to have been involved in

problem behaviors than other sexually experienced adolescents, however. Among males, but not among

females, increased involvement in problem behaviors was associated with early age at first intercourse (i.e.,

under 15 years of age). The significant correlation between adolescent nonsexual and sex-related problem

behaviors suggests that intervention programs, especially those designed to reduce the risk of teenage

pregnancy and infection with HIV or other STDs, need to devote resources to the prevention and

amelioration of multiple problem behaviors.

In similar analyses using data from the NSAM, preliminary findings indicated that, after controlling for age,

sociodemographic status, and degree of social control, sexually experienced males were at least twice as

likely as virgins to have exhibited a problem behavior lifestyle marked by school problems, drinking and

smoking, and involvement in illegal activities. Lack of social control, as assessed by degree of religious

involvement, strictness of family rules, and educational expectations, appeared to be related to group

differences in the prevalence of problem behaviors. In addition, virgins who engaged in non-coital sexual

behaviors were three to four times more likely than virgins who did not engage in any sexual behaviors

to be involved in nonsexual problem behaviors.

In another NLSY study, SSED staff examined the intergenerational links between maternal and child

problem behavior using data concerning the NLSY mothers and their children. Preliminary results showed

that maternal deviance during adolescence was a more potent predictor of children's problem behaviors

than was social background, and was as important a predictor as maternal self-esteem and the quality of

the home environment. Results for boys and girls were similar, although some subtle gender differences

were found. These findings highlight the role of maternal deviance in the etiology of their children's

behavioral problems.



SSED staff also completed a study of the associations between stress, social support, family relationships,

child rearing attitudes and parenting behaviors in primiparous African-American teenage mothers.

Descriptive analyses revealed that the adolescents' mothers were most frequently identified as providers of

support. Although the fathers of the adolescent mothers' babies were most frequently cited as source of

conflict, however, relationships with grandmothers were also considered to be problematic. As predicted,

adolescents who named the same people as both supportive and sources of conflict behaved more

negatively toward their infants than adolescents who named fewer support persons as sources of conflict.

Adolescents who reported positive family relationships and low parenting stress had more positive child

rearing attitudes, while adolescent mothers with older children and more social support tended to behave

more positively toward their infants. Finally, there was no association between grandmothers' child rearing

attitudes and either the attitudes or parenting behavior of their daughters.

Developmental Neuroethology Section TDNS)

Research completed in the DNS this past year involved 4 sets of studies. The first utilized playback

techniques to characterize the responses of family groups of common marmosets to recordings of natural

"phee" calls, digitally altered natural "phee" calls, and digitally synthesized simulated "phee" calls. Only

adult members of the family groups showed any response to the stimuli. Behavioral responses significantly

increasing after stimulus presentation included visual scanning, piloerection, and phee calling. A
significantly greater number of animals exhibited these behaviors to natural phee stimuli than to synthetic

calls. The most potent stimulus was a phee from male given in the home cage (territorial phee). Males

responded to male calls with increased visual scanning, whereas females responded to the same calls with

increased piloerection. Females responded to female calls with increased displays, whereas males did not

exhibit significant changes in behavior to the female stimuli. The results of this study demonstrated that

adult marmosets are capable of discriminating fine distinctions between phee calls. Whether the failure

of subadult marmosets to respond to the playback stimuli was due to immature perceptual mechanisms,

behavioral suppression by the adults, or to some other mechanism remains to be determined.

A second playback study focused on another marmoset contact call, the "twitter." The playback experiment

derived from the finding that the acoustic structure of twitters differs between individuals, as well as

between adult males and females. In this study, only natural calls were used as stimuli. Five categories

of playback stimuli were produced: twitters from familiar males (housed in the same colony room); twitters

from familiar females; twitters from unfamiliar males; twitters from unfamiliar females; and control stimulus

(background noise devoid of marmoset vocalizations). Twitters from both familiar and unfamiliar vocalizers

produced a stronger response than did the control stimulus, consisting of increased calling, increased

territorial behavior, and decreased affiliative behavior during a 2-minute period following stimulus

presentation. Twitters fi-om famililar individuals also produced a significant increase in vocal responding.

Responses to familiar twitter stimuli were generally greatest when the caller was of the opposite sex.

Females called the most and gave the strongest orienting responses. From this study, it appears that the

ability to discriminate between twitters from males and females requires familiarity with the caller. Thus,

perceptual biases appear to be based on different cues depending on the subtype of contact call in

question. If the call is a phee, gender and context information appear to be adequate to elicit a reponse

fi-om an adult listener. However, if the call is a twitter, the identity of the vocalizer is of greater

importance than the gender of the caller.

A third study focused on the vocal and cardiac responses of infant rhesus monkeys to monthly 30-minute

separations from their mothers or peers. Results analyzed to date indicated a significant positive

correlation between heart rate and rate of calling for some, but not all subjects. These individual

differences were further analyzed by dividing the vocalizations into subclasses based on differences in

acoustic structure (coos, leaps, and screams). In some subjects, rate of coo production was positively

correlated with heart rate, while leap production rate was negatively correlated, and screams failed to show

a significant correlation. Vocalization rate also showed significant trends over time for a given session,

but the function was positive (calling increasing with time) in some subjects and negative in others. There

were no clear associations between the incidence of vocal and cardiac correlations of either rearing history



(mother-reared vs. peer-reared) or gender. Analyses currently underway are investigating possible

relationships between these behavioral and cardiac measures and measures of adrenocortical resp)onse and
monoamine metabolism, as derived from plasma and CSF samples collected from the subjects immediately

after each 30-minute separation.

Finally, a study of amphetamine-induced behavioral change in squirrel monkeys was also completed this

past year. Single injections of 0.3, 0.6, or 0.9 mg/kg D-amphetamine produced a dose-dependent decrease

in social affiliation and self-grooming, and an increase in motor stereotypies (such as repeated head

movements) over vehicle (0.45% sodium chloride solution) levels. The same subjects subsequently received,

over 3 successive days, 0.6 or 0.9 mg/kg D-amphetamine twice daily. More extreme symptoms were
observed, suggestive of autistic-like social withdrawal. Following a week without drug (during which the

subjects received daily vehicle injections and their behavior returned to baseline levels), Alzet osmotic

minipumps were implanted subcutaneously. Eight subjects received pumps set to deliver 6 mg/kg/day D-
amphetamine, while 4 subjects (2 males and 2 females) received pumps filled with vehicle. After one week,

the minipumps were removed from all subjects. Although the data are still being analyzed, several

interesting findings have already become apparent. First, a dose-response relationship existed between

single injections of 0.3, 0.6, or 0.9 mg/kg D-amphetamine and behavior during 15-min. social separation

tests. At the highest dose, calling and locomotor activity were reduced to nearly zero, while various

stereotyped behaviors emerged. The stereotyped behaviors included repeated self-grooming, swaying from

side to side, and looking repeatedly upward or over one shoulder, although the actual complement of

stereotyped behavior patterns differed individually. Twice-daily injections of 0.6 mg/kg amphetamine
likewise produced a significant reduction in calling and locomotor activity in the social separation test,

although stereotyped movements were apparent only in the home cage/colony room environment. During

social separation tests 1 week following pump implantation, the decreases in vocal and locomotor activity

were less pronounced than with the acute or chronic injections, whereas stereotyped behavior patterns and

other behavioral abnormalities (such as sudden outbursts of distress vocalizations or grasping at nonexistent

objects) were more apparent. This study, the first to use osmotic minipumps to deliver D-amphetamine
to a nonhuman primate, suggest that behavioral episodes resembling those reported in amphetamine-

abusing humans can be produced by delivery of this psychoactive drug at a steady rate over several days,

and that some forms of normal emotional behavior, such as the response to social separation, remain

relatively intact.
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PROJECT NUMBER

ZOl HD 00054-18 LCE

PERIOD COVERED

October 1, 1991 to September 30, 1992
TITLE OF PROJECT (BO cfiofocten or feu. THfe mudM on oim tim b^tw—n Hm bordmj

Structural Behavior Analysis of Vocal Communication in Squirrel Monkeys
PRINCIPAL NVESTISATOR (Ikl olt»r pfofeufonoT panomw/ bvJoir Hw Piinclfiol InftSgakHi (Namm. M*. laboiatoiY. and imWUt dlUofioi^

Maxeen Biben Expert LCE, NICHD
Debbie Bernhards Bio. Lab. Tech. LCE, NICHD

COOPERATING UNITS (Vony;

None

LAB/BRANCH

Laboratory of Coitparative Ethology
SECTION

Unit on Brain, Behavior, and Communication
MSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL STAFF YEARS:

1.7

PROFESSIONAL:

0.8
OTHER:

0.9
CHECK APPROPRIATE BOX(ES)

D (a) Human subjects D (b) Human tissues

O (a1) Minors

D fa2) Interviews

(c) Neither

SUMMARY OF WORK (Us* sfcindbrd uw»diic*d typa. Do not axc—d ttw ipoc* pnrM^d)

The Unit's continuing study of the vocal behavior of nonhuman primates this year
focused on early vocal interaction and development, and the use of vocal
interaction is social groups of adults. We have observed that squirrel monkeys use
"chuck" calls in what appears to be a "conversational" manner. The acoustic
structure of chucks exchanged by female squirrel monkeys varies with the chuck's
position in a sequence, much like the voice changes which, in human languages,
alter the meaning of a word (e.g.. Yes? Yes!) to indicate a question or an answer.
Using a technique where calls originating at different points in a chuck exchange
are recorded and played back to animals under identical circumstances, we have
established that squirrel monkeys can distinguish the original vocal context of
chuck calls, but only if the calls are from members of their own social group.
Animals were unable to differentiate the original context of calls recorded from
strangers of the same species. Thus, at least some of the information in the chuck
call is only available (or only used) for familiar speakers whose calls are well-
known to the listener, effectively excluding outsiders from conversations. We
continue to gather data on the vocal response of squirrel monkeys to the recorded
chuck calls of relatives with whom they have been out of contact for years . The
ability to recognize even calls they have never heard before suggests that
"familiarity" may encompass some as yet unidentified common properties in the chuck
calls of animals sharing genes or rearing environment. In our studies of early
development, new data expand our findings on the inportance of caregiving behaviors
by individuals other than the mother. We have now documented the first evidence of
a link between eye contact and vocal exchange between infants and caregivers in a
monkey species. As in human infants, eye contact facilitates vocal responsiveness
in the squirrel monkey infant. Much of the earliest social interaction is between
allomothers, or aunts, and infants, probably because the infant is carried on the
mother's back and cannot easily make eye contact with her. We continue to add
subjects to our study of vocal production and usage in infant squirrel monkeys, and
we are now beginning to see a developmental continuum in the production of chucks,
which do not mature until about 12 months of age or later. The evident lability of
this call makes it a candidate for investigations of social influences on

development.
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PRO^CT NUMBER

ZOl HD 01106-09 LCE

PERIOD COVERED

October 1, 1991 to September 30, 1992
TITLE OF PROJECT (80 cfioraclMi or ton. TW* mml U on on* fn* bofwMii «• bontonj

Developmental Continuity of Individual Differences in Reactivity in Monkeys
PRINCPAL MVESTIGATOR (Ui( olhtr piofttilonal pttoiml b»hw Hw Mnc(pa( InftlgaloiJ (Nam». M», bbonriorr. and ImfM* ^BBaton)

S. J. Suomi Head LCE, NICHD
K. L. Rasmussen Senior Staff Fellow LCE, NICHD
M. Chaitpoux Staff Fellow LCE, NICHD
J. D. Higley Staff Fellow LCS, NIAAA
G. D. Byrne IRTA Fellow LCE, NICHD
S. Kohler Research Psychologist LCE, NICHD
S. Higley Research Technician LCE, NICHD

COOPERATING UNITS (fanf)

NIAAA (Linnoila, Goldman); NIMH (Doudet); Delta Reg. Primate Ctr. (Clarke); Primate
Lab, U of Wisconsin (Schneider); Istituto di Psicologia, CNR (Visalberghi) ; U or
Puerto Rico (Phoebus); U of Colorado (Landenslager) ; U of Oregon Health Sci. Ctr.
LAB/BRANCH

Laboratory of Comparative Ethology
SECTION

Conyarative Behavior Genetics
INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL STAFF YEARS:

4.5

PROFESSIONAL:

3.6

OTHER:

0.9
CHECK APPROPRIATE BOX(ES)

D (a) Human subjects D |b) Human tissues

D (al) Minors

D fa2) Interviews

(c) Neither

SUMMARY OF WORK (Uiu $landard uw»duc*d lypt. Do not •xc—d Itw tpacu pmMadJ

This project investigates biobehavioral development through comparative
longitudinal study of rhesus and capuchin monkeys, with special emphasis on
characterizing individual differences in behavioral and physiological responses to
mild environmental challenges and on determining long-term developmental
consequences for individuals reared in different physical and social environments.
Analyses coirpleted this past year provided detailed evidence that both genetic and
environmental factors differentially influence developmental processes in several
behavioral and physiological domains at different stages of ontogeny, in different
settings, and in different species. Studies of differentially reared offspring of
rhesus monkeys selectively bred for unusually high or low CSF levels of the
serotonin metabolite 5-HIAA revealed major blood chemistry and behavioral
differences as a function of rearing condition, but not pedigree, in early infancy,
whereas in late infancy clear-cut heritable differences became apparent and were
predictive of both behavioral and physiological patterns during childhood and
adolescence. The relationship between CSF levels of 5-HIAA and measures of social
competence, dondnance, risk-taking, and aggressive interactions were shown to be
similar for adolescent and adult rhesus monkeys living in laboratory settings or
residing in the wild. Young rhesus monkey females reared from birth by foster
mothers more closely resembled their biological mothers than their foster mothers
in terms of adrenocortical and monoamine responses to challenge; in contrast, their
patterns of care of first-born offspring more closely resembled those displayed by
their foster mothers. New studies of biobehavioral development in capuchin monkeys
revealed ontogenic changes in activity state profiles mirroring those of rhesus
monkeys in the nature and developmental course of mother-infant relationships.
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NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 01107-09 LCE

PERIOD COVERED

October 1, 1991 to September 30, 1992
TITLE OF PROJECT (80 choocttn or i*u. IM* mufW on on* In* b»iw—n Urn bordtnj

Adaptation of Laboratory Reared Monkeys to Field Environments
PRINCPAL t^VESTlGATOR (Ihi othn ptofmitional pftoruwl t>»low Iha hinclpal IwttgalorJ (Noma. fS». laboialorf, and faafUl* offiBofoi^

s. J. Suomi
s. Boinski
A. Timme
P. L, O'Neill
C. Price
S. Kohler

Head
Staff Fellow
Fogarty Fellow
Research Psychologist
Biologist
Research Psychologist

LCE, NICHD
LCE, NICHD
LCE, NICHD
LCE, NICHD
LCE, NICHD
LCE, NICHD

COOPERATING UNITS (Kanf)

OACU, DRS (Bayne) ; Dept. of Psychology, U, of Massachusetts (Novak); Dept. of

Psychology, Georgia State U. (Hopkins).

LAB/BRANCH

Laboratory of Comparative Ethology
SECTION

Comparative Behavioral Genetics
WSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL STAFF YEARS:

4.5

PROFESSIONAL:

2.5

OTHER:

2.0
CHECK APPROPRIATE BOX(ES)

D (a) Human subjects D |b) Human tissues B (c) Neither

D |al) Minors
D (a2) Interviews

SUMMARY OF WORK (Us* tbndard umducad fyp*. Do nof uxc—d Iht tpacu providtdj

This project investigates how rhesus monkeys and other primate species born and
raised under different laboratory conditions adapt to placement into naturalistic
outdoor environments that contain specific physical and social features of the
monkeys' natural habitat. Adaptation is assessed by examining behavioral
repertoires and by monitoring a variety of physiological systems in these subjects,
yielding broad-based indices of relative physical and psychological well-being.
During FY92 detailed longitudinal conparisons between members of a rhesus monkey
troop living in a 5-acre outdoor enclosure and similarly aged members of groups
living in indoor pens over a comparable period were carried out in order to
evaluate the behavioral consequences of providing the indoor groups with a

substrate that promoted foraging activity, as well as toys that increased
exploratory and manipulative behaviors. Other analyses focused on habitat
utilization by members of the rhesus monkey troop living in the outdoor enclosure,
comparing traditional ecological and functional approaches with analytic techniques
derived from social attachment theory. A cross-sectional study of normative
behavioral repertoires of capuchin monkeys living in three different physical and
social settings was completed. Finally, several studies focusing on the unique
tool-using propensities of capuchin monkeys were initiated.
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PROJECT NUMBER

ZOl HD 01108-08 LCE

PERIOD COVERED

October 1, 1991 to September 30, 1992
TITLE OF PROJECT (80 chamciui Of i»u. TW* mutl IH on on* Sna b«fMi««ii Mw bofdtoj

Conparative Studies of Play Behavior
PRINCPAL INVESTIGATOR (Utt oHmr profeuionaf pononn*/ b»low Mw hinclpal InycdgoforJ (Nonw, Mf*. laboiatory. and bmtlutt tMiaSon)

Maxeen Biben Expert LCE, NICHD
Debbie Bernhards Bio. Lab. Tech. LCE, NICHD

COOPERATING UNITS (tan/)

None

LAB/BRANCH

Laboratory of Con^arative Ethology
SECTION

Unit on Brain, Behavior, and Communication
INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL STAff YEARS:

0.3
PROFESSIONAL:

0.2
OTHER:

0.1
CHECK APPROPRIATE BOX(ES)

D (a) Human subjects D (b) Human tissues

D (al) Minors

D (a2) Interviews

(c) Neither

SUMMARY OF WORK (Um tkindard unreduced fyp*. Do no/ exceed Hie ipoce previdedj

Our current enphasis in the study of play is investigation of the motivational or
social conditions promoting the appearance of playful behavior in squirrel monkeys.
Developmental and functional analyses of human play have been the subject of
extensive clinical interest, particularly as a symptom and early predictor of
psychopathology. Comparable studies of play in animals have been few, although it
is commonly assumed that play in animals is an indicator of good mental as well as
physical health. Play behavior is almost ubiquitous in young mammals, and is
usually the chief means of social interaction between youngsters. Nonetheless,
play appears to be quite sensitive to stressors, dropping out of the repertoire, or
being greatly curtailed, in response to nutritional or environmental stress, and in
some cases to emotional stress, e.g., loss of the mother. In captive animals,
particularly juveniles, playfulness is thought to be a sign of general well-being.
The present experiments are designed to investigate a possible relationship between
a physiological measure of stress (plasma Cortisol level) and a behavioral
assessment of play, using as subjects a population of young squirrel monkeys.
Juvenile squirrel monkeys exhibit an extensive repertoire of play behaviors, and
their physiological and endocrine responses have been extensively studied,
providing a particular favorable opportunity to correlate physiology and behavior.
The first hypothesis being investigated is that an inverse relationship exists
between an individual monkey's plasma Cortisol level and his or her level of play.
If a relationship can be established, then additional hypotheses are of Interest:
a. Are Cortisol levels indicative of non-play behavioral measures of compatibility,
such as affiliation, fighting, etc? b. Are the most homogeneous pairs (with
respect to gender, age, common experience, etc.) most likely to be compatible and
playful? What is the Cortisol (stress) profile for pairs that may be compatible
but which do not play? We are presently in the initial stages of data acquisition
and analysis for 8 young monkeys for whom we have now conpleted collection of blood
samples and behavioral data. The behavioral database from these animals is also
being analyzed for finer-grained features of play, including dominance and role
reversal, as a means of understanding how partners cooperate to keep play bouts
going. Our own prior studies of play in young squirrel monkeys suggest that high
rates of play are fostered by equality of dominance. However, in these prior
studies, animals always had more than one partner from which to choose. In the
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PROJECT NUMBER

ZOl HD 01111-07 LCE

PERIOD COVERED

October 1, 1991 to September 20, 1992
TITLE OF PROJECT (80 chaocltn or ton. TH* mml Iff on on* tt» b»lw—n (h» bo/dtnj

Factors Affecting Nurturant Behavior Toward Infants
PRINCIPAL MVESTIGATOR (Uif offwr profeufenoT pvfionn*/ b«ioty Ho hinclfx^ liwtSgaiofJ (Noma. M*. laboraloiY. ondlmtM* affiBafoitf

S. J. Suomi Chief LCE, NICHD
G. Virgo NRSA Fellow LCE, NICHD

COOPERATMG UNITS (Tonyj

NIMH (Huffman, del Carmen); U. of Maryland (Porges); Brown U. (Lester); U. of
Delaware (Pedersen); Purdue U. (Bryan)

LAB/BRANCH

Laboratory of Comparative Ethology
SECTION

Unit on Parent and Infant Studies
INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL STAFF YEARS: PROFESSIONAL: OTHER:

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects D (b) Human tissues D (c) Neither
D (al) Minors

D (a2) Interviews
SUMMARY OF WORK (Um ikinetard umducad typ*. Do nof mxc—d Me ipoc* pravidnd.)

INACTIVE
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Effects of Home and Out-of-Home Care on Child Development
PRINCIPAL INVESTIGATOR (U>f otiwr profenfefiof ptionntl b»low H» Mncjpaf ln/»tlgak>rj (Nam; M*. kjboralory, andhntM» ^tUatori

M. E. Lamb Head, SSED LCE, NICHD
R. D. Ketterlinus Staff Fellow LCE, NICHD
K. J. Sternberg Research Psychologist LCE, NICHD

S. Chace Research Psychologist LCE, NICHD

COOPERATING UNITS (Kany)

Ctr for Human Growth and Development, U of MI (Bookstein) ; Inst of Psychology, U of

Goteborg (Broberg, Hwang) ; Dept of Psychology, The Catholic U of America
(Prodromidis) . ^

LAB/BRANCH

Laboratory of Coniparative Ethology
SECTION

Section on Social and Emotional Development
INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL STAFF YEARS:

1.2
PROFESSIONAL:

0.9
OTHER:

0.3

CHECK APPROPRIATE BOX(ES)

B (a) Human subjects D (b) Human tissues D (c) Neither

(al) Minors

B (a2) Interviews
SUMMARY OF WORK fUie ikindard umducmd typ*. Do not axcasd H» ipoc* providrdj

This project involves a longitudinal study conducted in Sweden examining the
effects of center day care, family day care, and home care on the development of
145 children recruited at an average of 16 months of age. Multivariate analyses
have consistently indicated that type of care has no reliable iir^act on child
development, but that the quality of home care and the quality of alternative care
have substantial effects. In recent analyses, composite measures of aggression and
noncompliance (which were not significantly associated) were created using data
from multiple sources. Child care arrangements and histories were not related to
either construct, and individual differences in levels of aggression (but not
noncompliance) were moderately stable over time. Multivariate analyses revealed
that quality of home care was the best predictor of both aggression and
noncompliance, that boys were more aggressive than girls, and that children with
more controlling parents were more noncoitpliant than were other children.
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PROJECT NUMBER

ZOl HD 01113-0€

PERIOD COVERED

October 1, 1991 to September 30, 1992
TITLE OF PROJECT (80 charactui or l»u. 7HI* ima/ tH on on* 8r» b*lw—n Hi* bofdMsJ

Antecedents, Correlates, and Consequences of Adolescent Pregnancy and Parenthood

PRINCIPAL INVESTIGATOR (Ikt oltmr piof»uk>nal ffooniml b»k>w H» Principal liwttgalor^ (Nairm, M*. hbomtoty. and lmSM» <Mta»on)

M. E. Lamb Head, SSED LCE, NICHD

R. D. Ketterlinus
K. Nitz
S . Chace

Staff Fellow
Pre-IRTA Fellow
Research Psychologist

LCE,

LCE,

LCE,

NICHD
NICHD
NICHD

COOPERATING UNITS (Kany)

Dept. of Family Studies, Brigham Young University (Barber); Dept. of Psychology,

University of Maryland, Baltimore County (White)

.

LAB/BRANCH

Laboratory of Comparative Ethology
SECTION

Section on Social and Emotional Development
INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL STAFF YEARS:

2.2
PROFESSIONAL:

0.9
OTHER:

1.3

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects D (b) Human tissues Q (c) Neither

D (al) Minors
D (a2) Interviews

SUMMARY OF WORK (Ute standard iwvedbced type. Do not exceed /he space providedj

This project's goals are to describe the psychosocial context of adolescent sexual
and nonsexual risk-taking and problem behaviors, especially as they relate to a

high risk of contracting AIDS and other STD's, and to explore the long-term effects
of early parenthood on families. In our most recent study, we coitpared the
problem behaviors of a national sample of male and female youth who were either a

virgins, b) sexually experienced but never pregnant, or c) pregnant or parents
Results indicated that, after controlling for background factors, sexually
experienced adolescents were more likely than virgins to have been involved in
nonsexual problem behaviors, although pregnant/parenting adolescents were no more
likely to be involved in problem behaviors than were other sexually experienced
adolescents. For males, but not females, early age at first intercourse was
associated with increased involvement in problem behaviors. In a smaller study (N
= 75) of African-American adolescent mothers, we found that more positive family
relationships interacted with low parenting stress to predict more positive
childrearing attitudes. Child age and social support were significant predictors

of maternal behavior and the quality of mother-child interaction.
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PROJECT NUMBER

ZOl HD 01114-05 LCE

PERIOD COVERED

October 1, 1991 to September 30, 1992

TFTLE OF PROJECT (80 ctarocitn or tou. THfo muttU on on* li» bulw—n Hi* bo/dbnj

Individual Differences in Physical and Affective Functioning in Infancy

PRINCIPAL INVESTIGATOR CUtf oHmr profeuJonaf pttoniml b»k>w Urn hinclpal InfttgatoiJ (Nam*. H*. iaboratory. ond iniCM* offifioioftf

M. E. Lamb Head, SSED LCE, NICHD

M. P. Fracasso NRC Fellow LCE, NICHD

A. Scholmerich Fogarty Fellow LCE, NICHD

B. Leyendecker Fogarty Fellow LCE, NICHD

R. Harwood IRTA Fellow LCE, NICHD

M. T. Estrada Pre-IRTA Fellow LCE, NICHD

COOPERATING UNITS (Kany)

Department of Psychology, U of Maryland (Porges); L. Bernal; K. Munholland; M.

Terry; Institute of Psychology, University of Goteborg, Sweden (Broberg); C.

Larson.

lAB/BRANCH

Laboratory of Comparative Ethology
SECTION

Section on Social and Emotional Development
INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL STAFF YEARS:

4.5

PROFESSIONAL:

3.5
OTHER:

1.0

CHECK APPROPRIATE BOX(ES)

B (a) Human subjects D (b) Human tissues D (c) Neittier

|al) Minors

D (a2) Interviews
SUMMARY OF WORK OJi» tkindard umeduod typ*. Oo nof exceed fhe spac» prwUltd.)

This project focuses on long-term consequences of individual differences in
physical, social, and affective functioning. One study is concerned with the ways
certain signs of arousal or irritability in the first months of life are related to
measures of the child's tenperament, emotional expressiveness, and physiology at
later ages. We found significant developmental increases in mean heart period,
with stress-related decreases in heart-rate variability and increases in heart
rate. Cortisol levels increased with age, became more individually characteristic,
and varied as a function of diurnal rhythms. Individual differences in positive
and negative responding to a series of emotion-eliciting stimuli were reliable and
stable over time. Although mothers* perceptions of infant temperament were also
highly stable, they were unrelated to observational measures of facial
expressiveness. Measures of behavioral synchrony in the home predicted differences
in the subsequent security of attachment.

In a second project, we are studying the effects of maternal behavior, maternal
characteristics, family patterns, and infant characteristics on the socioemotional
development of upper-middle class Euro-American and lower-class Central American
immigrants, developing culturally-sensitive criteria for evaluating normative
social behavior and development. Regardless of social or ethnic background,
mothers spent a considerable amount of time in discrete activities such as feeding,
caring for, and playing with their infants. Although fathers' presence did not
seem to affect the amount of time infants spent in discrete activities, it did
influence the time parents spent in mutual attention and vocalization with their
infants. Individual differences in maternal sensitivity while feeding infants were
stable over time.
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PROJECT NUMBER

ZOl HD 01115-05 LCE

PERIOD COVERED

October 1, 1991 to September 30, 1992
TULE OF PROJECT (80 c/ia»oc»»n or <»u. IJto ma)U on om In* bmtw—n Urn bordMiJ

Effects of Domestic Violence and Evaluation of Children's Testimony
PRINCIPAL R^VESTIGATOR (M oltmt piot»uk>nal p*noim/ btlow Urn Mnclpal IrtfilgalorJ (Nam». M*. kiboRifMy. and /mfMt altUatoiO

M. E. Lamb Head, SSED LCE, NICHD
K. J. Sternberg Research Psychologist LCE, NICHD
S. Chace Research Psychologist LCE, NICHD
S. Genovese Program Assistant LCE, NICHD

COOPERATING UNITS (torv)

Catholic U (Cortes); Hebrew U, Jerusalem (Greenbaum) ; Jerusalem Municipality
(Garber, Lorey, Cialik) ; U of Maryland, Baltimore County (Dawud) ; U of Rochester
(Cicchetti); Ministry of Social Welfare, Jerusalem (Hovav, Karniel, Eden, Berger)

;

LAB/BRANCH

Laboratory of Con^arative Ethology
SECTION

Section on Social and Emotional Development
INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL STAFF YEARS:

2.3

PROFESSIONAL:

0.9

OTHER:

1.4

CHECK APPROPRIATE BOX{ES)

El (a) Human subjects D (b) Human tissues D (c) Neither

(a1) Minors

D (a2) Interviews
SUMMARY OF WORK (Um ilandard umduc»d fyp*. Do not mxc—d lt» tpoc* fimnMod.)

This program of research involves two projects. The goal of the first project is

to explore the effects of domestic violence on 8- to 12-year-old children who were
either victims of physical abuse, witnesses of spousal abuse, both victims and
witnesses, or neither victims nor witnesses. Overall, children who were physically
abused by one or both parents reported more behavior problems, more depression, and
more negative perceptions of perpetrating parents than did their counterparts in
the respective comparison groups. However, mothers reported that their children
had the highest levels of problematic behavior when spouse abuse had occurred,
whereas children reported the highest levels of problematic behavior when they
themselves had been abused. Fathers' and teachers' perceptions of children's
problematic behavior were unrelated to the children's experiences of domestic
violence.

The goal of the second study is to assess the field reliability and validity of a
system for eliciting and assessing statements by children who were alleged to have
witnessed sexual abuse. Sites around the United States and in Israel are providing
video or audio tapes of child interviews along with case files to establish case
facts independent of the statements. Interjudge and test-retest reliability of
Criteria-Based Content Analysis (CBCA) techniques were examined and revealed high
reliability for total scores and some individual criteria. Some of the criteria
are being revised in light of this preliminary research. The study will also
provide basic data on the development of verbal abilities and children's memories
of real-life events.

PHS «040 (R*v. 5/92)





DEPARTMENT OF HEALTH AND HUMAN SERVICES • PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 01116-05

PERKDD COVERED

October 1, 1991 to September 30, 1992
TfTLE OF PROJECT (80 characitn or lau. lit* muti lU on on* Sn» b«tw—n »m bordtnj

Patterns of Childrearing Across Cultures and Ecologies
PRINCIPAL INVESTIGATOR (till olter prof»stk>nal pcfloim*/ b»low Mw frinclpal liwtfgahfj (Mom*. M*. laboiak>iY. and ImlMt <0iSaton)

M. E. LaitOs Head, SSED LCE, NICHD

COOPERATING UNITS glaitf)

U Osnabruck, Ger. (Keller); U of NC, Greensboro (MacKinnon, Veiling); U of MD
(Teti); Inst, of Human Sciences, Cameroon (Nsamenang, Soh) ; U of Leiden,
Netherlands fVan IJzendoorn) .

LAB/BRANCH

Laboratory of Comparative Ethology
SECTION

Section on Social and Emotional Development
INSTITUTE AND LOCATION

NI CHD, NIH, Bethesda, Maryland 20892
TOTAL STAFF YEARS:

0.1
PROFESSIONAL:

0.1
OTHER:

0.0

CHECK APPROPRIATE BOX(ES)

IS (a) Human subjects D (b) Human tissues D (c) Neither

(a1) Minors
E3 (a2) Interviews

SUMMARY OF WORK (Use tiandard unmductd fyp*. Do not axc—d tt» ipoc* prnvidrd.)

The work on this project involves a number of studies in a variety of cultures
The overall objective is to explore the ways in which developmental environments
can be described by variations in physical and social ecologies, especially in
terms of parental beliefs, values, and practices, and to assess how differences in
these domains affect children's development. In the first study. West African
parents were interviewed about their perceptions, values, expectations,
responsibilities, and practices. Initial results showed that urbanicity,
generation, and gender independently influenced the replacement of traditional
endogenous beliefs by those of western origin. In a second study, researchers are
attempting to assess specific maternal and child attributions about one another in
order to identify the extent to which attributions or expectations shape the way
that parents and children interact, with particular focus on the development of
aggressive behavior. Initial results showed that mothers and sons interacted more
aggressively when they had negative attributions of one another. Third,
observational and parent-report measures of infant-mother attachment are being
studied in samples of Japanese mothers and infants in the United States; high level
of social support were associated with low infant-mother attachment security, in

contrast to the situation in the US.

PHS 6040 (Rev. S/92)





DEPARTMENT OP HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 01117-0$ LCE

PERIOD COVERED

September 1, 1991 to October 30, 1992
TFTLE OF PROJECT (BO ehaociut or toxi. TMI* nxn/W on on* tm b»fw—n Mw bordMiJ

The Hospitalization Experience: Children's Coping with the Stress of Surgery
PRINCIPAL INVESTIGATOR (Ibi oHm pfofeufonof f>»noni»l b*Jow Hi* Mnclpal InmtSgakHj (Nam*. M*. ioboiaioor, and katM* offiSaCoitf

M. H. Bornstein Chief LCE, NICHD

COOPERATING UNITS Oioiv)

LAB/BRANCH

Laboratory of Coiiparative Ethology
SECTION

Child and Family Research Section
INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL STAFF YEARS: PROFESSIONAL: OTHER:

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects D |b) Human tissues

D (al) Minors

D (a2) Interviews

D (c) Neither

SUMMARY OF WORK (Uf ttandard unnduetd fyp*. Do not 9xc—d Hm tpacu praufkttd.)

INACTIVE

PHS 6040 |R»v. 5/92)





PERIOD COVERED

October 1, 1991 to September 30, 1992
TITLE OF PROJECT (80 ctaractvn or test. IH» muifU on on* ir» b»tw—n Urn bordmnj

Latent Behavioral Effects of Diverse Forms of Caregiving in the First Year of Life
PRINCVAL MVESTIGATOR (lU oMi»f piDfeuioiKif pttomwl b»k)w H» hinclpal l/wwiigotorj (Noma, M*. labomlory. and Imftuta omtalori

M. H. Bornstein Head LCE, NICHD
N. F. Gist Research Psychologist LCE, NICHD
0. M. Haynes Statistician LCE, NICHD
S. Linnemeyer IRTA Fellow LCE, NICHD

\ COOPERATnC UNITS (fattf)

None

LAB/BRANCH

Laboratory of Comparative Ethology
SECTION

Section on Child and Family Research
INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, MD 20892
TOTAL STAFf YEARS:

2.4

PROFESSIONAL:

1,7

OTHER:

0.7
CHECK APPROPRIATE BOX(ES)

B (a) Human subjects D (b) Human tissues D (c) Neither

D |al) Minors

E fa2) Interviews
SUMMARY OF WORK(Ui*><andardurv*dUc»d(yP*-Oo not axcscd Hw tpoc* pRwMxi;

The study is designed to explore the latent effects of different kinds of care in
infancy and early childhood on children's mental and social performance at the
preschool level and when the children are finishing their year of first grade. The
first year of school follow-up also permits coii^arison of academic achievement with
earlier cognitive status and comparison of children's social behaviors at these two
points in time. Data have been gathered on a homogeneous, low-risk population and
include measures of cognitive, social, and behavioral development.

PHS 6040 (Rev. 5/92)





DEPARTMENT OF HEALTH AND HUMAN SERVICES • PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 01119-05

PERroO COVERED

October 1, 1991 to September 30, 1992
TITLE OF PROJECT (80 cttamclui or tou. IM* mutt HI on on* tm b»hi««n th* bofdtnj

Specificity of Mother-Infant Interaction
PRINCPAL INVESTIGATOR (Ui> offiar profeuJonaf p»noni»l b»k>w Hm Mnclpal liwaiSgalorO (Nairn. M«, iabofofcxy. and ImtMm ^Motof^

P.I.: M. H. Bornstein
Other: J. Suwalsky

K. Painter
F. Fivel
C. Andreassen
A. O'Reilly
C . Rahn
M. Havnes

COOPERATING UNITS (fan/)

None

Head, CFRS LCE, NICHD
Research Psychologist LCE, NICHD
Research Psychologist LCE, NICHD
Research Psychologist LCE, NICHD
NRC Fellow LCE, NICHD
IRTA Fellow LCE, NICHD
Research Psychologist LCE, NICHD
Statistician T.CK. NTCHD

UB/BRANCH

Laboratory of Conyarative Ethology
SECTION

Child and Family Research Section
NSTITUTE AND LOCATION

NICHD, NIH, Bethesda, MD 20892
TOTAL STAFF YEARS:

5.2

PROFESSIONAL:

2.5

OTHER:

2.7
CHECK APPROPRIATE BOX(ES)

El (a) Human subjects D (b) Human tissues

|al) Minors

D (a2) Interviews

D (c) Neither

SUMMARY OF WORK (Uf standard urv»dbc»d typ*. Do nol txc—d Hw tpoc* previdtdj

This project investigates endogenous and exogenous factors that contribute to the

development of cognitive and social competencies in children during the first four
years of life. Before children are old enough to enter formal social learning
situations, nearly all of their experiences stem directly from interactions they
have with their primary caregivers. The present study focuses on the extent to

which several maternal characteristics (age, enployment status, parenthood status,

SES, parity, as well as type of substitute care experienced during mother's
enployment) influence observed relations between caregiving on the one hand and
child cognitive and social coit^setencies on the other. In this longitudinal study,

subjects are visited when they are 5, 20, and 48 months old. At 5 months, mother-
infant interaction is observed. At 20 months, measures of toddler functioning
(i.e., play conpetence, language development, and social adaptation) and maternal
behavior (i.e., play and I.Q.) are obtained. At 48 months, the follow-up examines
diverse children's abilities (representational competence, problem solving,
reasoning skills, inathematical ability, language use and discourse, and selected
aspects of generally adaptive behavior)

.

PHS 6040 (Rev. 5/92)





DEPARTMENT OF HEALTH AND HUMAN SERVICES PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 01120-05

PERIOD COVERED

October 1, 1991 to September 30, 1992
TITLE OF PROJECT (SO chaiacltn of J»»». TUa mutt Of on ona fi» b»lw—n Hw bordmnj

Parenting and infant Activity; A Multiculture Perspective
PRWCPAL INVESTIGATOR (Uil oH»r pm4mulonal f>»nonnat bvfow Hm Mncjpol Im'MfgotofJ (Mom*. Ma. iabonitorf. and imfU* ^MofoiV

M. H. Bornstein Head LCE, NICHD

0. M. Haynes Statistician LCE, NICHD

C. Rahn Research Psychologiest LCE, NICHD

COOPERATMC UNITS O Oltf)

C. deGarlperin U. of Belgrano; E. Berti, ARGENTINA; A. Vyt, U. of Ghent, BELGIUM;

M.-G. Pgcheux, Lab de Psych, du D^veloppement et do I'Education de I'Enfant,

FRANCE; P. Venute and A. Lis. U. of Padua. TTAT.Y; S. Maital. U. of Haifa. ISRAEL;
LAB/&RANCH

Laboratory of Comparative Ethology
SECTION

Section on Child and Family Research
INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, MD 20892
TOTAL STAFF YEARS:

0.9
PROFESSIONAL:

0.5
OTHER:

0.4

CHECK APPROPRIATE BOX(ES)

Q |a) Human subjects D (b) Human tissues D (c) Neither

D (a1) Minors

D (a2) Interviews
SUMMARY OF WORK (Us« itondcvd umductd fypm. Do not mxc—d ttw ipoc* pnuMmdi

Experiences in infancy are acknowledged to affect the course and outcome of social
and mental development in childhood, and they are credited for some of the
distinctiveness of culture. More specifically, cross-cultural developmental
studies have historically shown that variations in childrearing styles typically
have inplications for children's later cognitive performance and interpersonal
behavior. Home environments are thought to reflect larger cultural values,
beliefs, and customs, and many social theorists have contended that the family
generally, and the mother-infant relationship specifically, may be vital to
development of the individual and basic to the organization of the culture. As a

result, investigators have frequently studied infancy and mother-infant interaction
in atteitpts to address questions about the origins and development of cultural
identity. Of course, each society has evolved patterns of childrearing adjusted to
its own special demands. The primary purpose of this prospective cross-cultural
longitudinal project is to identify and trace similarities and differences in the
childrearing ecologies of Argentine, Belgian, French, Israeli, Italian, Japanese,
and U.S. American families.

PHS £040 (Rev. 5/92)





DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 01122-05 LCE

PERK3D COVERED

October 1, 1991 to September 30, 1992
TITLE OF PROJECT (80 chorocttn or hu. TM* muif W on on* (n* b»tw—n Urn bofdtnj

Longitudinal Assessment of Children's Mental and Social Abilities
PRMCPAL MVESTIGATOR (M otl»r profuulon^ p*nonn»r bofoir Hm hinclpal kmitgalorj (Nam*. H*. laboiatotY. ondlmtkM ^IUa§on)

M. K. Bornstein Head, CFRS LCE, NICHD
J. Genevro NRC Fellow LCE, NICHD

COOPERATtJG UNITS (fany)

Infancy Studies Program, New York University (Tamis-LeMonda)

LAB/BRANCH

Laboratory of Comparative Ethology
SECTION

Section on Child and Family Research
HCTITUTE AND LOCATION

NICHD, NIH, Bethesda, MD 20892
TOTAL STAFF YEARS:

1.3

PROFESSIONAL:

1.3

OTHER:

0.0
CHECK APPROPRIATE BOX(ES)

H (a) Human subjects D |b) Human tissues D (c) Neither

(ol) Minors

B (a2) Interviews
SUMMARY OF WORK (Uf standard urv»duc*d f/p*. Do not »xc—d Mt ipoc* pfmrtdrd;

This research continues a longitudinal study of mental and social development in a
cohort of children observed repeatedly between 2 months and 4 years of age. The
premise of this research is that learning in childhood occurs primarily within an
interpersonal context; thus, a central goal is to describe how diverse infant and
maternal behaviors relate to the ontogeny of central dimensions of children's
mental and social cortpetencies . Children participating in the assessment
constitute a longitudinal cohort seen at 2, 5, 13, 20, and 48 months of age. Major
objectives of this research are to study stability, continuity, and interaction in
mental and social development over the first years of life. One notable aspect of
the follow-up is a test of preschooler cognitive and emotional development that
goes beyond IQ to assess a wide range of children's diverse interests and
capabilities: These procedures assess natural science ability, bodily-kinesthetic
skills, musical talents, distinctive styles of work, as well as linguistic and
logical-mathematical capabilities. Because traditional psychometric measures of
intelligence at preschool age typically sample from a narrow range of mental
abilities, such measures are limited in terms of the information they provide about
the possible relevance of antecedent variables, and they are also restricted in
terms of the outcome variables they successfully predict. In contrast, the new
assessment battery samples from a wide range of preschoolers' capabilities and
interests and thus affords richer opportunities to respond to many theoretical and
pragmatic questions that surround central issues of mental and social development

PHS 6040 (Rsv. 5/92)





DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 01123-02

PERIOD COVERED

October 1, 1991 to SeptenJber 30, 1992
TITLE OF PROJECT (80 characi»n or Imu. TM* muii U on on* ti» b*tw»»n Htt bofdMiJ

Physiological Correlates and Neural Mechanisms of Infant Cry and Other Vocaliz
PRINCIPAL INVESTIGATOR (Ibt oft»r pro(»tsional ptu>nr»l b*low it» Principal UwttgcriorJ (Mam*. M*. loboiatorf, andlmtM* ^Utaforj

J. D. Newman Head, NES LCE, NICHD
J. L. Norcross IRTA Predoctoral Fellow LCE, NICHD
C. Garrison IRTA Predcotoral Fellow LCE, NICHD

COOPERATING UNITS (V any;

University of Maryland (Carter, Tamarkin, Porges); University of London (Harris,

Jones)

LAB/BRANCH

Laboratory of Coiryarative Ethology
SECTION

Neuroethology
INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL STAFf YEARS:

1.2

PROFESSIONAL:

0.5
OTHER:

0.7
CHECK APPROPRIATE BOX(ES)

D (a) Human subjects D (b) Human tissues Ei (c) Neither

D (al) Minors

D (a2) Interviews
SUMMARY OF WORK (Us* standard umduc»d t/pt. Oo nof *zc**d (he spac* pfovMtdJ

These studies use neuroethological and ethopharmacological methods to investigate
the mechanisms related to production and perception of the isolation call and
related vocalizations in nonhuman primates as a model for understanding the
neurology and physiology of vocal expressions of affect in human infants and the
impact of crying on the listener. Major findings this year were as follows: 1)

Significant correlations were found between heart rate and vocal rate in socially
separated rhesus macaque infants. Not all individuals showed significant
correlations, suggesting individual differences in the development of autonomic
function. By dividing vocalizations into three categories (coo, leap, scream), it
could be shown that not all vocal categories had significant correlations with
heart rate (scream showing the fewest correlations), and that for a given
individual monkey heart rate could correlate with one vocal category in the absence
of a significant correlation with the other vocal categories. This suggests that
different vocal subtypes emitted during social separation have differing
relationships with mechanisms that regulate autonomic reactivity. 2) a study of
the effects of D-amphetamine on squirrel monkey behavior demonstrated that motor
stereotypies and episodes involving extreme behavioral withdrawal have differing
time courses of development, and are differentially expressed according to the
testing environment (social separation vs. home colony).

PHS 4040 (Rev. 5/92)





DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 01124-02 LCE

PERIOD COVERED

October 1, 1991 to September 30, 1992
TITLE OF PROJECT (80 ctaraclMi or f*u. 7MI* nn»t ffi on on* fin* b*hi«*n th» bofdanj

Genetic and Experiential Influences on the Development of Primate Vocal Behavior
PRINCIPAL INVESTIGATOR (U$l other piofeuionof pitonnml b»k>w Hi* Mncfpol ImrctfgafofJ (NanM. H*. kiboRiiofy, and UuSMm offiiiofoi\)

J. D, Newman Head, SNE LCE, NICHD
J. Norcross Pre-IRTA Fellow LCE, NICHD
C. Garrison Pre-IRTA Fellow LCE, NICHD

COOPERATING UNITS (fany)

University of London (B. Jones; D. Harris)

LAB/BRANCH

Laboratory of Conparative Ethology
SECTION

Section on Neuroethology
INSTITUTE AND LOCATION

NICHD, NIH, Poolesville, Maryland 20837
TOTAL STAFF YEARS:

1.2
PROFESSIONAL:

0.5
OTHER:

0.7

CHECK APPROPRIATE BOX(ES)

B (a) Human subjects D (b) Human tissues D (c) Neither

D (al) Minors

D (a2) Interviews
SUMMARY OF WORK (Use standard unmducad t/p*. Do not sxceed tl» tpaca pra/ifidtd.)

A computer-based sound synthesis and analysis system developed in the Section was

used to present natural sequences of the "chuck" vocalization to group-housed
squirrel monkeys. No significant behavioral changes except for "chuck" responses
were made by the group. This suggests that the only message communicated by

individual "chuck" calls is the presence and identity of the vocalizer. In

contrast, loud calls such as the marmoset "phee" produce obvious behavioral changes

in the listener (including locomotion, piloerection, and territorial marking) in

addition to occasional vocal responses. Thus, primate vocalizations that broadcast
over long distances, due to their loudness and other acoustic properties, induce

changes in the arousal level or emotional state of the listener, whereas

vocalizations that carry only a few meters, due to their softness, induce no clear

changes in the arousal level or emotional state of the listener. It is these

latter vocalizations that are the most likely candidates to be instruments for

social learning in primate social groups. The role of experience in mediating
agonistic vocal recruitment was examined in a free-ranging group of 35 rhesus

macaques at the Poolesville field station. Juvenile males were found to use

recruitment calls to enlist the aid of other family members, indicating that vocal

recruitment is not restricted to female members of macaque matrilines.

PHS 6040 (R«v. S/921





NICHD Annual Report

October 1, 1991 to September 30, 1992

Laboratory of Cellular and Molecular Neurophysiology

The Laboratory of Cellular and Molecular Neurophysiology uses the techniques of physiology, cell

biology, and molecular biology to study the functional properties of neurons and glia, and was

founded this summer with Mark Mayer as its chief. The emphasis of the Laboratory will be on

understanding how signal transduction occurs at a molecular level, and our efforts are focussed on

studying the properties of ion channels, receptors and cells. The Laboratory will become fully

established after the group moves to Building 49, and will be composed of four Sections and Units

led by Drs. Gallo, McBain, Mayer, and Russell. These scientists work on independent projects but

share common interests and techniques. Drs. Mayer and Gallo each has a long established interest in

the function of glutamate receptors and excitatory synaptic transmission; Mayer's efforts focus on the

functional properties of glutamate receptors in neurons, while Gallo studies glial cells and

developmental aspects of glutamate receptor biology. Dr Russell uses imaging techniques to study the

regulation of calcium ion activity in several cell types, including glia, and has a special interest in

secretory processes. Dr. McBain will join the Laboratory in 1993, and brings expertise in the study

of 'intact' preparations of the nervous system using the brain slice technique, and shares with Mayer
an interest in the mechanisms controlling neuronal excitability.

AMPA receptors in hippocampal nerve cells: Glutamate is thought to be the transmitter at the vast

majority of excitatory synapses in the mammalian CNS. Members of the Section on Neurophysiology

and Biophysics study the functional properties of NMDA, AMPA and kainate preferring subtypes

of glutamate receptors under the guidance of Mark Mayer, and record from dissociated cultures of

rat hippocampus, acutely dissociated dorsal root ganglion neurons, and cloned receptors expressed in

vitro . AMPA-preferring glutamate receptors show rapid activation and desensitization in response

to glutamate, and are responsible for the classical voltage independent excitatory post synaptic

potentials recorded throughout the brain. NMDA receptors evoke slow excitatory post synaptic

potentials, of long duration, and show strong voltage sensitivity due to ion channel block by

magnesium ions. Calcium flux through NMDA receptors triggers cellular and genetic regulatory

events which are thought to underlie memory and the regulation of nerve cell growth and

differentiation. Excessive activation of NMDA receptors leads to cell death, and this mechanism is

thought to be activated during anoxia and stroke. Kainate-preferring glutamate receptors have long

been an enigma; their function is unknown, and only in the last year has their identity been

unambiguously confirmed as a result of the isolation and expression of two gene families. At present,

dorsal root ganglion neurons are the only cell type known to express kainate-preferring receptors at

levels sufficiently high to allow their functional characterization.

Perhaps the most puzzling aspect of AMPA receptor physiology concerns the extreme rapidity of

desensitization, the loss of activity at a receptor which occurs following activation by agonist, even

though the agonist is still present. For AMPA receptors desensitization can develop within a few ms,

and potentially is fast enough to play a role in terminating synaptic transmission, though whether this

actually is the case is very controversial. To study the kinetic properties of AMPA receptors relevant

to synaptic transmission it is necessary to apply transmitter candidates on a time scale similar to that

occurring in a synaptic cleft, in which the transmitter concentration is expected to rise to its peak

value in less that 100 /xs, and to decay back to zero in only a few ms. To study kinetics on such a time

scale requires new experimental techniques. Doris Patneau and Ladislav Vyklicky have set up a system

based on a piezoelectric translator which holds a square glass tube with an internal cross septum. This

4 bore tubing is used to apply up solutions to outside out membrane patches from hippocampal

neurons, and allows rise times for solution exchange close to 200 /iS as measured by changes in

junction currents. Responses at AMPA receptors decay faster when glutamate is applied for only 1

ms, than when glutamate is applied for 10 or 100 ms to allow desensitization to develop. The simplest



interpretation of this result is that desensitization does not proceed quickly enough to account for the

decay time constant of the EPSC, and that dissociation of agonist must play a major role. However,
twin pulse experiments, in which glutamate was applied for 1 ms, followed after a delay by a second

1 ms application of glutamate, revealed up to 50% desensitization occurring as a result of the first

application of glutamate. This suggests that desensitization could occur during synaptic transmission,

even though dissociation of transmitter proceeds rapidly. We do not yet have enough data to develop

a kinetic model for AMPA receptor gating, but can make the following general statements. Following

a brief application of glutamate, which mimics release of glutamate during synaptic transmission, the

rate of decay of the response is determined by three processes: Channel kinetics, the dissociation rate

constant for agonist, and the rate of desensitization; no single process is dominant. Entry into

desensitized states may occur after channel closure but prior to dissociation of agonist, thus decreasing

burst length by preventing channel reopening. Further progress in analysis of AMPA receptor gating

is expected to arise from experiments examining the action of agonists of different affinity and of

modulators of desensitization.

Kainate receptors in sensory neurons: Experiments by Linda Wong have used novel derivatives of

willardiine as probes of receptor pharmacology at kainate preferring receptors in dorsal root ganglion

neurons. The potency sequence for the activation of kainate preferring receptors in DRGs is 5-iodo

> 5-bromo « 5-chloro > 5-nitro» 5-fluoro, with willardiine itself virtually inactive. In hippocampal

neurons, which express AMPA preferring receptors, the potency sequence for responses measured at

equilibrium was fluoro > nitro > chloro « bromo > iodo > willardiine. HEK293 cells transfected with

cDNAs for GluR-A and GluR-B showed comparable behavior to hippocampal neurons with respect

to desensitization and relative potency when tested with fluoro- and iodo-willardiine. Although

desensitization in both DRGs and hippocampal neurons is reduced by the lectins concanavalin A and

wheat germ agglutinin, the drugs aniracetam and cyclothiazide appear to act only on AMPA
preferring receptors in hippocampal neurons, and are completely without effect in DRGs. Together

these results suggest a markedly different pharmacology for kainate preferring and AMPA preferring

subtypes of glutamate receptors.

The expression of kainate receptors in DRGs offers the opportunity to study the molecular basis of

glutamate receptor composition in a relatively pure population of neurons from which we already

have obtained substantial electrophysiological data. Experiments by Kathy Partin and Andres

Buonanno in the Unit on Molecular Neurobiology, LDN, NICHD, will use Northern blot analysis to

probe for the glutamate receptor genes GluR-A through GluR-7 plus KA-1 and KA-2 and will

attempt to obtain estimates of the relative abundance of individual mRNA species in the whole

ganglion. For GluR-5, which exists in multiple splice variants, hybridization with oligonucleotide

probes directed against the known C-terminal splice variants will be undertaken to try and identify

how message is processed in this tissue. PCR will be used to identify the relative abundance with

which the edited (Glutamine) and unedited (Arginine) forms in transmembrane segment II are

present. Using antibodies available for glutamate receptors as

these become available, they will also attempt to estimate the relative abundance of receptor subunit

proteins using Western blot analysis.

NMDA receptors which occur only in neurons exhibit an unusually complex pharmacology and show
regulation by the coagonist glycine, by calcium, magnesium and zinc ions, and by polyamines. The
mechanism of action of polyamines at NMDA preferring glutamate receptors is unusually complex,

and previous work by other groups revealed both stimulatory and inhibitory effects in MK-801
binding experiments and physiological assays ofNMDA receptor function. In experiments performed

by Morris Benveniste the guanidine derivative arcaine, and the polyamines diethylenetriamine and

1,10-diaminodecane, all of which have been proposed to act as antagonists or inverse agonists at the

polyamine recognition site, were found to produce voltage-dependent block of responses to NMDA
similar to that evoked by spermine, and resulting from either ion channel block or surface charge

screening. Potentiation by spermine appears to arise from two separate mechanisms. An increase in



apparent affinity for glycine, accompanied by a decrease in the rate of development of

glycine-sensitive desensitization, and glycine independent potentiation. In the presence of

non-saturating concentrations of glycine, spermine-induced potentiation at +60 mV developed with

two exponential components: A slow glycine-sensitive component, the amplitude and time constant

of which decreased with increasing glycine concentration, and a fast component the amplitude of

which varied from cell to cell, and which became larger with increase in concentration of glycine.

When responses to the application of spermine were measured in the presence 10 ^M L-alanine

instead of 100 nM glycine, the slow component of potentiation was absent.

A major area of uncertainty concerning NMDA receptor regulation centers around our lack of

understanding concerning the mechanisms underlying multiple forms of desensitization, and why
these occur to different degrees in various experimental preparations. A consensus has emerged that

intracellular perfusion, or the act of removing a patch of membrane from a nerve cell, markedly alters

the functional properties of NMDA receptors and enhances glycine independent desensitization.

Calcium ions have been known for many years to depress NMDA receptor activity, via a cytoplasmic

site of action. Ladislav Vyklicky used whole cell and inside out patch experiments to study the

regulation of NMDA receptors by calcium. Shortly after whole-cell formation, repeated application

of NMDA produces a progressive increase in NMDA receptor desensitization that was accompanied
by a proportional increase in the desensitization rate. In the presence of 2 mM extracellular calcium

or strontium, but not barium the application of NMDA induces a slowly reversible inactivation

together with an irreversible increase in desensitization. At a holding potential of +50 mV, responses

to NMDA did not show either inactivation or an increase in desensitization. The magnitude of both

inactivation and desensitization was not affected by intracellular inclusion of ATP, a

non-hydrolyzable ATP, different Ca^"^ chelators, a Ca^'''-activated protease inhibitor, dithiothreitol

or phosphatase inhibitors (calcineurin inhibitor or okadaic acid). Although the cell biology remains

obscure, these results suggest two distinct types of modulation of NMDA receptors by intracellular

Ca^"*". Desensitization of NMDA receptors is induced when both [Ca^"*"]; is increased and NMDA
receptors activated. Inactivation of NMDA receptors is produced by increased levels of [Ca^''"]j and
does not appear to require NMDA receptor activation for induction.

Neurotransmitter receptors in glia: It was previously thought that glial cells lacked voltage-dependent

and ligand-gated membrane channels. The experimental findings of several groups have in recent

years challenged this and several other previously described properties of glial cells. Hence,
neurotransmitter receptors associated with ion-selective membrane channels have now been described

in several different types of macroglial cells. The focus of the Section on Neurobiology, led by
Vittorio Gallo, is on the structural and functional properties of neurotransmitter receptors and
channels in glia and on their role during development. Molecular, cellular and biophysical techniques

are used to identify the structural subunits of ligand-gated channels and to analyze their functional

properties and second messenger systems. The complexity of the nervous system and the existence of
different types of macroglial cells impose a severe constraint on the types of questions that can be
addressed in vivo. The unequivocal identification of the cells expressing certain receptors and their

developmental stage are, therefore, more easily determined in in vitro models of glial cells in culture.

Molecular structure of glutamate receptors in glia: In vitro models of different glial cells maintained
in culture are used for experiments and the expression of glutamate receptors is studied by analysis

of mRNAs for the different subunits cloned so far. This year, the experimental studies have been
focussed on progenitors for oligodendrocytes (0-2A progenitors) and, in particular, on a primary cell

line (CG-4) derived from rat cortical 0-2A cells. These cells were found to express only kainate and
AMPA receptors and not NMDA-activated channels. Northern blot analysis with different cDNA
probes revealed that CG-4 cells selectively express only some of the of the members of the GluR-1
- 4, GluR-5 - 7 and KA-1 and KA-2 gene families. Both GluR-6 and KA-2 were found to be
expressed at high levels. This is of particular interest, because in recombinant receptors expressed in

transfected mammalian cell lines, B. Sakmann's and P. Seeburg's laboratories have shown that the

combination GluR-6/KA-2 produces channels that strongly desensitize both with glutamate and with



kainate. Our data, combined with the electrophysiological studies performed in collaboration with the

Section of Neurophysiology and Biophysics (described below), indicate, therefore, that the

combination GluR-6/ KA-2 can also exist in native kainate/AMPA receptor channels. With the same
type of analysis, it was also found that the expression of GluR-3 and GluR-4 is upregulated in

progenitors differentiated into oligodendrocytes, whereas the relative levels of GluR-6 and KA-2
remain constant.

The expression and regulation of the different GluR and KA subunits in CG-4 cells opens very

interesting possibilities to study the regulation of the expression of these genes. It is known that the

differentiation of CG-4 cells is regulated by a number of growth factors (PDGF, FGF, etc.) and we
have recently determined that the CG-4 line can be transfected by lipofection.

Functional properties of glial glutamate receptor-channels: CG-4 cells change their morphology

during development. At an early stage they are bipolar with long processes, whereas at later

developmental stages they are multipolar with shorter processes. Patch-clamp recordings were
obtained at both developmental stages. In rapidly proliferating bipolar progenitors,

concentration-jump application of L-glutamate, kainate and AMPA evoked large inward currents

which rapidly desensitized; no response to NMDA was found. The kinetics of the onset of

desensitization were similar for all three agonists, however, the steady-state response to kainate was

on average 6 times larger than to L-glutamate. Responses to kainate exhibited less desensitization in

cells with multipolar morphology (i.e. in pre-committed oligodendrocytes) as well as in

oligodendrocytes or type-2 astrocytes derived from CG-4 progenitor cells, suggesting the existence

of developmental changes in the expression of AMPA/kainate receptor subunits. These

electrophysiological data indicate that: i) AMPA/kainate receptors in CG-4 glial cell progenitors

exhibit functional properties different from any of the previously characterized receptors expressed

in neurons or in astrocytes; ii) the functional properties of the kainate/AMPA channels in CG-4 cells

can be explained by the expression of specific subunits that have been shown to confer to the

channels desensitization properties different from any other native receptor previously described.

Intracellular calcium ion movements in response to glutamate agonists. In collaboration with Dr.

James Russell, we have used fura-2 fluorescence measurements to study changes in intracellular

calcium induced by activation of kainate/AMPA receptors in CG-4 cells. We have used glutamate,

kainate and quisqualate as agonists and recorded rapid changes in intracellular Ca^"*" upon their

application. We observed that not all cells responded to the three agonists: a proportion of the cells

only responded to kainate, or to kainate and glutamate alone. The fast rise in intracellular Ca^"*"

triggered by kainate and glutamate was blocked by the non-NMDA receptor antagonist CNQX,
indicating that a receptor-mediated phenomenon was involved. Various patterns of intracellular Ca^"*"

changes were observed in cells with different morphologies: bipolar cells responded to all agonists

much more strongly than multipolar cells and the relative increase in intracellular Ca^"*" triggered by

kainate was on average 3-6 times larger than the glutamate response. We are currently determining

whether the functional responses correlate with different developmental stages of the CG-4
progenitors by using cell specific antibodies that bind to developmentally regulated antigens in

oligodendrocyte progenitors.

Molecular mechanisms of calcium mediated secretion In nerve terminals. The molecular events

leading to calcium dependent secretion in nerve terminals are one focus of the Section of Neuronal

Secretory Systems led by James Russell. The major goal of this project is to determine the role of the

rabSA class of synaptic vesicle-specific GTP-binding proteins in neurotransmitter release. Rab3A
is a member of the rab family of ras-related GTP-binding proteins. The rab proteins are associated

with distinct intracellular membranes and are thought to be the targets of guanine nucleotide

analogues which inhibit membrane traffic. rab3A is the only family member which is neural specific,

and it has been localized to synaptic vesicles. The hypothesis is that rab3A is the target for guanine

nucleotide analogues whose inhibitory effects on transmitter release have been demonstrated at the

squid giant synapse. The experimental approach to testing this hypothesis consists of making



rab3A-specific probes and determining their effects on synaptic transmission in the squid nervous

system. Microinjection into the squid giant synapse of non-hydrolyzable analogues of guanine

nucleotides demonstrated that GTP hydrolysis and GDP/GTP exchange were necessary events in

transmitter release. Calcium imaging of the pre-synaptic terminal argued against the possibility that

the non-hydrolyzable analogues were influencing the activity of ion channels and suggested that the

effects were due to perturbation of reactions that occur after calcium influx. Electron microscopy

showed that these nucleotide analogues had affected vesicle recycling in the pre-synaptic terminal,

consistent with their established effects on intracellular membrane trafficking. The most likely

synaptic target of these analogues is rab3A, previously identified in purified squid synaptic vesicles.

A cDNA encoding a portion of squid rab3 was isolated by RT/PCR and used to screen a cDNA
library prepared from squid brain. Candidate clones containing the entire coding sequence of rab3

currently are being analyzed.

Intracellular calcium signalling in astroglia. The mechanisms that govern inter cellular

communication between astrocytes and between astrocytes and neurons are poorly understood.

Although neurons are the central players in cellular communication and information processing in the

brain, recent discoveries of glial cell excitability and signalling properties have shown that glial cells

may play an important role in long distance signalling in the brain. In addition to their classical

function in cell-cell communication in the adult nervous system, neurotransmitters and neuropeptides

also function as signalling molecules providing developmental cues in the developing nervous system.

Such signals seem to encompass neuron-neuron interactions as well as neuron-glial cells interactions

during development. In the latter case, experimental evidence suggests that neurotransmitters, and

neuropeptides can stimulate the production and release of trophic substances by glial cells which

influence neuronal survival and/or neuronal sprouting. In the adult brain, astrocytes monitor

synaptic activity and respond to released transmitters. These signals are transmitted through a

complex network of glial cells connected by gap junctions over long distances, albeit at rates

considerably slower (approximately 1000 times) than neuronal conduction. Various different types

of astroglia have recently been described based upon the expression of different antigens. The

distribution of astroglia in the brain is not random, but determined by the types of neurons present

and their local spatial organization. Such heterogeneity also is reflected in the various receptor

systems expressed in these astrocytes.

We have measured intracellular free calcium ion concentration in these cortical astrocytes in primary

culture using the fluorescent calcium indicator, fura-2. In this way the dynamics of cellular signals

i.e. calcium ion concentration changes, could be studied in individual cells in culture. These studies

using high resolution fluorescence microscopy and digital image processing have shown remarkable

differences from measurements of [Ca^"^]; made in population of cells, where an ensemble average

signal is recorded. Significant improvements have allowed us to measure [Ca^"^]: in many cells

simultaneously and rapidly enough to resolve frequently oscillating increases in [Ca '*'\.

We have identified a novel vasoactive intestinal polypeptide receptors on type I astrocytes. Activation

of these receptors with concentrations of VIP less than 0.1 nM, results in increases in intracellular

calcium ion concentration, and oscillations. Heterogeneity in astrocytes responses were also

recognized. This high affinity VIP receptor acts synergistically with a-adrenergic receptors to cause

intracellular calcium signals in astrocytes. In this way sub-threshold concentrations of both agonists

when present together cause maximal stimulation of cells. Such dual receptor mediated signalling may

be an important mechanism by which specificity in signalling is achieved.

In addition, the responsiveness of type 1 astrocytes to other neurotransmitters was investigated.

Astrocytes were found to possess receptor systems to all the transmitters examined. These included

excitatory amino acids, adrenergic agonists, cholinergic agonists, dopamine, histamine, purinergic

agonists, and bradykinin. Although not all cells responded to all agonists, two or more receptor

systems were identified in every cell studied. The spatio-temporal patterns in intracellular calcium

signalling in response to receptor activation in these cells was studied in detail. The responses to

alpha-adrenergic stimulation was utilized as the benchmark in these studies and the following findings
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via specific calcium channels are more efficacious in initiating secretion. Microinjection into the

squid giant synapse of analogues of guanine nucleotides demonstrated that GTP hydrolysis and
GDP/GTP exchange were necessary events in transmitter release . Measurements of calcium in

the pre-synaptic terminal argued against the possibility that these GTP analogues were
influencing the activity of ion charmels and suggested that the effects were due to perturbation

of reactions that are triggered by caldum. Electron microscopy showed that these GTP
analogues had affected vesicle recycling at the terminal, consistent with their established effects

on intracellular membrane trafficking. The most likely synaptic target of these analogues is

rab3A, a synaptic vesicle protein. A cDNA encoding a portion of squid rab3A was isolated by
RT/PCR and used to screen a cDNA library prepared from squid brain. Candidate clones

containing the entire coding sequence of rabSA are being analyzed.
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of action: An increase in affinity for glycine, an increase in maximal response at saturating

concentrations of glycine, voltage-dependent block. Kinetic experiments with different glycine site

agonists provide evidence for a rapid allosteric potentiating action of spermine. Calcium ions

regulate NMDA receptor activity via an intracellular site of action, and produce reversible

inactivation, and enhanced desensitization. The kinetics of action of glutamate at AMPA preferring

receptors was studied writh a piezoelectric device capable of making solution changes vdthin 200

ps. The decay of responses foUownhg 1 ms pulse application of glutamate was 3 times faster than

the onset of desensitization recorded with step applications lasting 10 or 100 ms. even though up
to 50 % desensitization developed following 1 ms applications. The pharmacology of kainate

preferring receptors was studied in DRC neurons, in which vyillardiine analogues act with a
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processing in the brain, recent discoveries of glial cell types, excitability and signalling
properties have shown that glial cells may play an important role in long distance

signalling in the brain. During embryonic development the importance of specific

humoral signals from glial cells are important for neuronal survival and development .

In the adult, synaptic activity is being monitored by astrocytes closest to the synaptic

fields. Methods have become available for obtaining relatively pure cultures of different

tyf>es of astrocytes, as well as mixed neuronal and glial ailtures. Methods are also

available for light microscopic analysis of cells in slice preparations. Fluorescence

microscopy vkdth digital image processing will be used as the technique to morutor
intracellular signalling in astrocytes and neurons in order to describe specific

communication between cells. The intracellular calcium changes in response to activation

of various neurotransmitter receptor systems on astrocytes isolated from different regions

of brain will be investigated. These results will be correlated with companion studies on
astrocytes in situ, by measurement of cellular responses in the brain slice preparation.
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FMRFamide (Phe-Met-Arg-Phe-NHj), a vddely distributed neuropeptide. FMRFamide receptors

were solubilized from sqviid brain using the zwitterionic detergent CHAPS. The solubilized

receptor boimd FMRFamide with Kj-O.lS nM and displayed a structure-activity relationship

similar to that of the receptor in unsolubilized squid membranes. Ligand affinity was sensitive

to guanine nucleotides, indicating the coupling of the receptor to a C protein-regulated pathway
emd consistent with earlier work demonstrating the stimulation of squid adenylate cyclase by
FMRFamide. Current efforts are directed towards obtaiiung an estimate of the molecular size

of the receptor. An earlier approach using photoreactive analogues of FMRFamide identified

a protein of 52 kDa, but subsequent work suggested that this protein is not the receptor on the

basis of differences in ligand specificity and affinity, and GTP sensitivity. This protein may be

an enzyme involved in peptide processing because of its spedfidty for FMRFamide in

comparison to the non-amidated FMRF.
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The research program is focused on the structural and functional properties of ligand-gated

chaimels in glia. with particular emphasis on glutamate-gated channels . Cell cultures of

oligodendrocyte progenitors, in particular a primary cell line of progerutors (CG-4) , served

as an experimental model. These cells were foimd to express only kainate/AMPA receptor

channels with a uiuque combination of subunits. Northern blot analysis with specific cDNA
probes revealed the selective expression of orUy some of the members of the GluR-1-4, GluR-

5-7 and KA-1-2 gene families. GluR-6, KA-1 and KA-2 were expressed at high levels,

indicating that high-affinity kainate receptors are expressed in CG-4 cells. Patch-clamp

recordings were obtained both in progenitors and in oligodendrocytes. In progenitor cells,

concentration jump applications of L-glutamate, kainate and AMPA evoked large inward

currents which rapidly desensitized. The kinetics of the onset of desensitization were similar

for all three agonists. The steady-state response to kainate was on average 6 times larger than

to L-glutamate. The response to kainate exhibited much less desensitization in pre-committed

oligodendrocytes (04-positive) and almost no desensitization in differentiated

oligodendrocytes, indicating a developmental change in the expression of kainate/AMPA

receptor subunits. Fura-2 fluorescence measurements indicated that the activation of

kainate/AMPA receptors in CG-4 cells induced rapid changes in intracellular caldum both

in progenitor cells and in precommitted oligodendrocytes. The receptor antagorust CNQX
blocked the effects of kainate and glutamate.
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Laboratory of Developmental and Molecular Immunity

The Section on Bacterial Disease Pathogenesis and Immunity studies the

pathogenesis of and protective immunity to bacterial diseases especially those of

infants and children. Since most of the bacteria that cause systemic infections in

healthy individuals are inhabitants of and pathogens for humans only, the LDMI is

obliged to develop as well as to clinically evaluate vaccines in order to identify

the antigens and host immune responses responsible for protective immunity. The
LDMI has examined the surface polysaccharides, including the capsular

polysaccharide or the lipopolysaccharides, of pathogens that cause systemic

infections. Alone, these saccharides are often non-protective in infants and

children and in patients who are immmunocompromised. The LDMI have extended

the principles devised by Drs. Landsteiner, Avery and Goebel to covalently bind

these saccharides to proteins by clinically acceptable methods in order to both

increase their immunogenicity and to confer T-cell dependence to these antigens

in order to make them effective vaccines especially in infants and in

immunocompromised patients.

The leading cause of meningitis, as well as other systemic infections of infants

and children, has been Haemophilus influenzae type b. The development by the

LDMI of a clinically acceptable scheme for covalently binding the capsular

polysaccharide of H. influenzae type b to a carrier protein (conjugate) has

resulted in the introduction of a new generation of vaccines into the

recommended schedule for infant immunization in the United States and many
other countries. H. influenzae type b conjugates are injected three times along

with DTP for primary immunization of infants and an additional booster injection

in young children. The widespread usage of these vaccines has eliminated

systemic infections caused by this pathogen, especially meningitis, in Finland,

Iceland, parts of Germany and Switzerland. Although immunization with this

conjugate vaccine is still incomplete in the United States, H. influenzae type b

meningitis has virtually "disappeared" in our country. The basis for this favorable

result is probably due to inhibition of pharyngeal colonization by H. influenzae

type b organisms, in immunized infants and children with the resultant decreased

transmission. It is expected that other polysaccharide conjugate vaccines under

development, including those for pneumococci and meningococci, will exert a

similar "herd immunity". The LDMI is continuing to study of protective immunity
to H. influenzae . These efforts include the development of a vaccine

complementary to the current product, composed of cross-reactive polysaccharides

(the Escherichia coli KlOO and K22 and of pneumococcus type 6A are candidates)

in order to stimulate B-cells with additional protective antibodies to H. influenzae

type b, and the exotoxin of Clostridium difficile (the cause of pseudomembranous
enterocolitis which is the most common hospital-acquired infectious disease). We
are collaborating with Dr. David Lyerly, Virginia Polytechnical Institute, in

studying this exotoxin as a potential vaccine for humans. The C. difficile

exotoxin is a high molecular weight protein which could serve as an excellent

carrier and attracting additional helper T-cells for the polysaccharide-producing

B-cells as well as having the potential to prevent pseudomembranous enterocolitis.

The objective of this program is to accelerate the synthesis of H. influenzae type

b antibodies so that protective levels in infants may be achieved earlier and with

fewer injections than by the current products. Further, we wish to test whether



vaccine-induced antibodies to the C. difficile exotoxin, the carrier protein of this

new conjugate, will confer protective immunity to pseudomembranous enterocolitis.

In the United States, a small fraction of meningitis caused by the species H.

influenzae is caused by capsular type a. In underdeveloped areas, type a strains

account for about 15% of meningitis caused by H. influenzae . A synthetic scheme
for synthesizing conjugates of the type a polysaccharide has been developed and
evaluation of its toxicity, immunogenicity and protective activity in laboratory

animals is underway.

The capsular polysaccharide of Salmonella typhi , the causative agent of typhoid

fever, has been shown to be a safe and effective vaccine in children above two
years of age and young adults. However, it is not immunologic for infants and

children under two years of age. A protein conjugate of this polysaccharide,

using the recombinant non- toxic mutant protein of Pseudomonas aeruginosa

exotoxin A and B-subunit of heat-labile toxin for E. coli as the carrier, has been
shown to have increased immunogenicity and to elicit booster responses in mice

compared to the Vi alone. In collaboration with the Walter Reed Army Institute

for Research, these improved immunologic properties have been demonstrated in

healthy adult volunteers. A phase 2 study in children and infants is planned in

high attached areas such as Indonesia or Chile. A collaboration with Dr. Prado at

the University of Santiago in Chile is underway. Dr. Shousun Szu has unearthed

several important properties of the Vi during the course of these studies which
have immediate application to the development of a Vi conjugate vaccine designed

to be incorporated into the routine immunization of infants. First, she has

related the fine structure and conformation of the Vi to the immunologic

properties of this polymer. Second, she has developed new methods of binding

the Vi to proteins to form conjugates with improved immunologic properties in

mice. Third, by using a plant polysaccharide (pectin) as a backbone and by
simple addition of acetyl derivatives. Dr. Szu has synthesized a Vi-like structure

which may have superior immunologic properties to those of the native Vi.

Clinical studies of these new Vi vaccines in children and infants are being

planned in areas where typhoid fever occurs at a high endemic rate.

The LDMI has proposed that protective immunity to intestinal infections caused by
non-typhoidal Salmonellae . Shigellae and Vibrio cholerae may be conferred by
serum antibodies to the 0-specific polysaccharides of these pathogens. It is

interesting that despite a century of intensive study, there are no licensed

vaccines for these common and serious intestinal pathogens which remain major

causes of morbidity, including arrested growth, and mortality throughout the

world. Synthetic schemes have been devised for preparing the 0-specific

polysaccharides in a non-toxic form and chemically binding these surface

components to medically-useful proteins. Based upon epidemiologic surveys, three

Shigella conjugates. Shigella dvsenteriae type 1 (bacillary dysentery). S. flexneri

type 2a and S. sonnei, have been synthesized and have been shown to be safe and

to elicit serum antibodies in mice and then in adult volunteers (Phase 1). Phase 2

studies are underway in Israel Defense Force Recruits because this population

during their basic training in the desert has been shown to be at-risk for

dysentery caused by these pathogens. Clinical efficacy trials are being planned.

Also, there are populations of infants and children in Israel who also are at-risk

for Shigellosis and studies in these populations are awaiting the results of the

trials in the Defense Forces. Studies in infants of the Navajo Indian Reservation

in Tuba City, Arizona and in an urban setting well-studied for its endemic

disease. Other populations with a high risk of shigellosis and its complications,

await the results of our studies in infants and children in Israel. Since there is



no animal model or an in vitro correlate of protective immunity for Shigellosis, a

programs for synthesizing saccharides of defined composition for evaluating the

specificity and immunochemical properties of vaccine-induced antibodies to the 0-

specific polysaccharides of these pathogens has been initiated in collaboration

with Drs. Cornelius Glaudemans and Pavol Kovac, NIDDK. Oligosaccharides, up to

an octasaccharide, composed of the repeating unit of S. dysenteriae type 1 have

been synthesized. The structure eliciting optimal binding of a monoclonal

antibody has been elucidated. With this information, a complete synthetic

immunogen as a vaccine for this pathogen is being devised.

Conjugates synthesized with detoxified LPS from Vibrio cholerae (the causative

agent of cholera) elicits vibriocidal antibodies in mice. Measurement of serum

vibriocidal antibodies have proved to be the only reliable method for predicting

resistance to cholera. The detoxified Salmonella tvnhimurium LPS has been

conjugated to TT and evaluated in mice. This conjugate vaccine demonstrated

protection in mice against challenge with this pathogen. Clinical studies with

these two new vaccines are being planned with Walter Reed Army Institute of

Research for the phase 1 study. Another cause of serious intestinal infections in

children, including the United States, is dysentery and its extraintestinal

complications caused by E. coH 0157. The most serious extraintestinal

complication of this intestinal infection, the hemolytic uremic syndrome, is

probably caused by the release of a shigella-like toxin by the E. coH 0157. In

collaboration with Dr. Allison O'Brien of the Uniformed University of the Health

Sciences, a non-toxic mutant protein of this toxin is being purified by Dr. Joseph

Shiloach of the Biotechnology Unit of the Laboratory of Cellular and Molecular

Biology, NIDDK. The 0157 0-specific polysaccharide has been purified and

techniques for binding this unusual saccharide to proteins have been developed.

It is planned to form a conjugate vaccine composed of this 0-specific

polysaccharide with the recombinant non-toxic mutuant Shigella toxin and to

evaluate the effect of active immunization with this conjugate upon prevention as

well as treatment of dysentery and its complications caused by E. coli 0157.

Retrospective analysis of a Phase 2 study in Goteborg, Sweden of a novel

pertussis toxoid, developed by the LDMI, has shown this investigational vaccine to

be at least 95% effective in preventing pertussis in infants and children. It is

probable that this approach will result in the replacement of the cellular vaccine

with a monocomponent toxoid vaccine for the prevention of pertussis. Dr.

Schneerson has succceeded in using pertussis toxin as a carrier protein for

improving the immunologic properties of the important type 14 pnuemococcal

polysaccharide (infants and young children, this pneumococcal type is one of the

most common causes of otitis media). The conjugation procedure inactivates the

pertussis toxin, while retaining most of its immunologic properties, to form a

toxoid. In mice, the resultant pneumococcus type 14-pertussis toxoid conjugate

elicited protective levels of antibodies to both components of the investigational

vaccine. In collaboration with Dr. Jerry Keith of the NIDR and Dr. Joseph

Shiloach, NIDDK, Dr. Schneerson is synthesizing a clinical lot of the

pneumococcal type 14 polysaccharide with a genetically-engineered non-toxic

mutant of pertussis toxin with the objective of evaluating this vaccine as a

component of universal infant immunization. This vaccine could hopefully replace

the P component of DTP with a pneumococcus type 14-pertussis toxoid thus

providing a safe and effective product for prevention of pertussis and a frequent

cause of otitis media and other infections caused by an important pneumococcal

type.



Several pharmaceutical manufacturers have requested to adapt the unique synthesis

of a conjugate vaccine for prevention of meningitis caused by the predominate
capsular polysaccharides of Neisseria meningitidis (meningococci) in the United
States. This conjugate uses an unusual capsular polysaccharide of E. coli K92.
The K92 polysaccharide is a linear homopolymer of sialic acid; poly a(2->8), a(2-

>9) D-NeuNAc. This polymer has the saccharide composition and linkages of both

the Group B (poly a(2->8) D-NeuNAc) and Group C (poly a(2->9) D-NeuNAc)
polysaccharides. The K92 polysaccharde conjugate elicited antibodies in mice to

both meningococcal groups. Since the Group B meningococcal polysaccharide is

also found in fetal tissues (sialylated N-CAM), toxicity studies of vaccine-induced

antibodies are underway in order to understand if this K92-conjugate could induce

immunopathogenic effects.

Two conjugate vaccines for prevention of infections in compromised hosts are

under study. The first, are conjugates of the type 5 and type 8 capsular

polysaccharides of Staphylococcus aureus . Types 5 and 8 have been shown to

comprise about 90% of S. aureus from patients with bacteremia, a common and
serious cause of hospital-acquired infections. These S. aureus conjugates have

been shown to be safe and to elicit serum antibodies with biological activity, in

adult volunteers (Phase 1). Phase 2 studies of these investigational vaccines, in

patients with end stage renal disease who are at risk for bacteremia caused by
these two capsular types, are ongoing. Similarly in colaboration with Dr. John V.

Bennett, Laboratory of Clinical Investigation, NIAID, a conjugate vaccine,

composed of the capsular polysaccharide of Crvptococcus neoformans . serotype A,
has been shown to be safe and to elicit serum antibodies in adult volunteers. The
safety, immunogenicity and ultimately efficacy against meningitis caused by this

pathogen, will be evaluated in patients with AIDS. Phase 2 studies of this

investigational vaccine are underway in collaboration with Dr. Michael Polis,

NIAID.
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Enteric bacterial diseases caused by Shigella remain a serious and frequent cause of

morbidity and mortality, including decreased growth and mortality, throughout the world,

especially in infants and children of developing countries. In addition. Shigellosis occurs

in healthy individuals in developed countries under conditions of crowding, such as

recruits in the armed forces or institutions where people are treated for chronic diseases.

Despite a century of study after discovery of Shigellae . there are no licensed vaccines for

prevention of diseases caused by these pathogens. The major cause of this failure to have

effective vaccines is that the human protective immune mechanism is not known. We have

hypothesized that serum IgG antibodies to the O-specific polysaccharides of Shigella

confer protective immunity to Shigellosis . Conjugate vaccines for induction of serum IgG
antibodies to the O-specific polysaccharide have been developed and phase 1 studies have

shown that they are immunogenic and elicit similar or higher levels of antibodies to the

O-specific polysaccharide as convalescent patients. In addition, the repeating unit and its

saccharide components have been synthesized and the immunodominant component of the

O-specific polysaccharide identified for Shigella dvsenteriae type 1.
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The surface polysaccharides of Gram-negative enteric pathogens are both virulence factors

and protective antigens. Detoxified LPS or the Vi capsular polysaccharide have been
derivatized by a variety of techniques and covalently bound to proteins to form conjugate

vaccines. Clinical trials showed that Vi conjugates increased the immunogenicity over the

Vi alone, in adult volunteers. Alternative schemes for Vi using adipic acid dihydrazide as

a linker were attempted. Pectin, a plant polysaccharide, (al->4 galacturonic acid as its

main component) was an identical backbone to the Vi. Substitution of the hydroxyls of

pectin with an O-acetyl results in a polymer that has similar, if not superior, antigenic

properties of the Vi when reacted with antiserum to Salmonella typhi . The O-acetylated
pectin is not immunogenic in mice compared to the Vi (which is immunogenic in mice).

However, upon conjugation with protein using SPDP as a linker, the O-acetylated pectin is

as immunogenic in mice as Vi conjugates. The comparative immunogenicity of these new
compounds with Vi conjugates is being studied. The LPS of Vibrio cholerae has been
detoxified by treatment with hydrazine and the resultant product covalently bound to

cholera toxin (LPS-CT). The V. cholerae LPS conjugate elicited antibodies with vibriocidal

activity of similar specificity that follows immunization with the whole cell vaccine.

Clinical trials with our LPS-CT vaccine are planned. LPS of 5- tvphimurium and of E.

coli 1257 have been detoxified by acid or hydrazine and conjugated with carrier proteins.

Mice immunized with typhimurium conjugate are protected against challenge with S.

tvphimurium.
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Laboratory of Developmental Netirobiology

Some major changes have taken place in the Laboratory of Developmental Neurobiology (LDN)

during FY '92. Dr. Mark Mayer left the LDN to head up his ovm Laboratory in the Intramural

Program of NICHD. Dr. Denes Agoston became Head of the Section on Molecular Control of

Neurodifferentiation, and Dr. Douglas Brermeman's Unit became the Section on Developmental

and Molecular Pharmacology. Close interaction has continued betw^een the groups of Dr.

Nelson, Neale, Brenneman, Buonanno and Agoston, all of v^hich are focused on regulatory

mechanisms in nerve and muscle v^^hich mediate the effect of electrical activity on development.

The approaches of these groups range from the isolation of regulatory sequences and transacting

factors in muscle (Buonanno) to transgenic animal analysis of neuropeptide regulation (Agoston)

to cloiung ofan Activity-Dependent Neurotrophic Factor (ADNF) (Brenneman) and physiological

and anatomical analysis of activity-related synapse elimination (Nelson and Neale).

Regulatory issues provide the central focus for Dr. Klein's Section on Neuroendocrinology w^ith

melatonin production in the pineal gland providing the model system. The mode of action of

melatoiun is an important auxiliary concern.

Dr. Loh's interest (in the Section on CeUiilar Netirobiology) in processing and intracellular

routing of neuropeptides of the ACTH/endorphin family has extended to the study of a number

of new peptidases. A nimiber of peptides are proving to be highly useful in tracking

developmental mechanisms in the frog brain.

Section on Neurobiologv

Investigation has continued of synapse elimination at cholinergic neuron to muscle connections

in a tissue culture chamber system. Activity can be regulated by external stimulation and

imposed activity results in a general elimination of syrwpses with proximal (presximably

stronger) connections being selectively maintained. These results are in contrast to most

assumptions of Hebbian, activity selective mechanisms of (rather than location selective)

elimination. We have begun the mechanistic analysis of the elimination process wdth a study

of the effects of a protease inhibitor on synapse elimination. One hypothesis is that proteolytic

activity is released from active muscle and acts to break down presynaptic structure. A related

hypothesis holds that some retrograde messenger moves from the active muscle to induce

proteolysis vdthin the presynaptic element. Our initial experiments testing these hypotheses

have utilized leupeptin, an inhibitor that affects both extracelltilar and intracellular proteases.

This agent at concentrations of 50 to 100 yM largely or completely blocks activity-dependent

synapse elimination, suggesting that proteolysis is a critical step in this process. Further

experiments detailing the location and mode of activation of the relevant proteases are needed

and should be feasible.

Activity-dependent modulation of nervous system development must at some point involve

selective regulation of gene expression by action potentials in neurons. The group of genes such

as c-fos, c-jun, nur/77 and others termed the immediate early genes (lEGs) are extremely

responsive to a number of stimuli such as growth factors, and including electrical activation of

neurons. The lEGs serve to trigger a cascade of regulatory events linking environmental inputs

to cells with adoptive responses in structural genes. Their role as a specific coupler for a wide



variety of stimuli has been questioned because of the apparent stereotypic nature of their

response to different stimuli. We have examined a number of lEGs in neurons and determined

their response to depolarizing stimuli (high K* or electrical activation). Different lEGs differ in

the nature and time course of their response to depolarizing neuronal activation. lEG expression

is strongly and specifically affected by patterns of imposed action potential. When 180 impulses

are delivered over a 30 minute period in patterns (a) steady 0.1 Hz, (b) an 18 sec., 10 Hz burst,

(c) 10 Hz stimulation for 6 stimuli once each minute, or (d) 10 Hz stimulation for 12 stimuli

every 2 nunutes, only pattern (c) gave maximal c-fos activation. Pattern (d) gave no activation

and patterns (a) and (b) gave intermediate activation. In marked contrast to the response of c-

fos, Nur/77 gave maximal responses to both patterns (c) and (d). We have measured changes

in intracellular Ca** produced by these patterns. Neither peak nor residual (post stimulus)

[Ca**]i appear to be the determinant for c-fos regulation. A complex relationship between [Ca**];

and lEG expression would seem to exist, perhaps involving some frequency selectivity of the

kinase cascade coupling [Ca'^lj to lEG regulation.

A novel two-stage mRNA amplification scheme has allowed us to measure the expression of

several lEGs in a single neuron with the polymerase chain reaction (PCR). This technology has

shown that a wide variety of combinations of lEGs are expressed in different neurons (relatively

homogenous sensory neurons were studied). Of 80 neurons ancilyzed, 31 distinct combinations

of lEGs were observed. The different lEGs are apparently independently expressed. No
evidence of coordinate regulation was detected in that the predictions of a binomial model
assuming independent expression matched the observed frequencies of lEG expression. Taken
together, these observations indicate that the group of lEGs do exhibit at the single cell level a

high degree of individuality and could serve as a high capacity, specific coupling mechanism
between environmental inputs and structural gene regulation in the nervous system.

Further quantitative Northern blot experiments have failed to substantiate initial indications that

expression of the GAP-43 gene is affected by electrical activity in sensory ganglion neurons,

either in the presence or absence of synaptic targets. Phosphorylation or other post-translational

modification of this protein may be involved in its postulated role in plastic responses of nervous

system.

Unit on Cell Biology

The Unit on Cell Biology has been engaged in the quantitative analysis of structural changes and
structure-function relationships during neuronal development. Previous work, done in

collaboration with Drs. Nelson, Yu, and Fields, has shown that electrical stimulation increases

both the number and efficacy of synaptic connections formed by the stimulated neurons. The
morphologic correlates of the physiologic data might involve an increase in the number of axonal

branches and/or synaptic terminals formed by the stimulated afferents, or an increased capacity

of the dendrites of the target neurons to receive additional input through a change in the

structure of its dendrite arbor. In order to examine the latter possibility. Dr. Neale has used
Fragment C of tetanus toxin to label neurons in murine spinal cord cell cultures and has

monitored dendrite outgrowth by a number of measures. The dissociated neurons increased in

morphologic complexity from approximate spheres to highly branched structures during the first

week in culture. Much of the structural complexity of the dendrite arbor, as quantified by fractal

dimension, was established within forty-eight hours after plating; i.e., prior to the development

of interneuronal contacts. During the first few days in culture, dendrite branching complexity

increased more rapidly than dendrite size, whereas after four days, fractal dimension remained

relatively constant while dendrites continued to grow. Fractal analysis has provided data which



suggest that the early development of dendrite branching complexity is determined intrinsically.

To what extent the generation and/or stabilization of dendrite structure can be modified by

alterations in electrical activity is being tested currently.

Dr. Parfitt has established a methodology for the specific labeling of the axonal branches and

synaptic terminals of stimulated neurons to enable a study of activity effects on axonal structure.

In the multicompartment cultures used for these experiments, neuronal cell bodies are separated

physically from their synaptic terminals. This allows the application of fluorescent probes to the

cell body compartment v^ath potential to label a specific population of synaptic terminals by

diffusion of the probe along the axonal membrane or by intraaxonal anterograde transport. Dr.

Parfitt has shown that viral envelopes reconstituted from Sendai virus will incorporate the

fluorescent markers Dil or DiO and will fuse with the surface membrane of mouse dorsal root

ganglion and superior cervical neurons, delivering the fluorescent marker. Fluorescence can be

detected later, in the adjacent compartment, associated with the plasma membrane of the axonal

projections. In a new approach. Dr. Parfitt has begun experiments either to stain (with

fluorescent dyes) or transfect (with lacZ or luc containing plasmids) neurons prior to plating.

These technique should be particularly useful, allowing the continued observation of individual

cells and their response to microsurgical treatments, interaction wdth target cells, etc.

Dr. Williamson has progressed with her work on the cell biology of tetanus toxin effects on

neuronal function. She has utilized the neurotransmitter release assay that she developed to

examine the mechanism of toxin internalization into neurons. Dr. Williamson has shown that

monensin, which acts to disrupt receptor-mediated endocytosis by collapsing the pH gradient

in endosomes, completely protects neuronal cells in culture from the synaptic blockade induced

by tetanus toxin. Evidence exists from other laboratories that tetanus toxin is able to form pH
dependent pores in artificial membranes, suggesting this as a means of toxin penetration through

the membrane of the acidic endosome. It is possible to visualize acidic compartments by

immunohistochemistry; this immunoreactivity is abolished by monensin pretreatment.

Interestingly , tetanus toxin causes a similar loss of immunoreactivity in spinal cord cultures, but

the toxin effect is specific to neurons and is not observed in glial cells. Thus, the toxin appears

to disrupt the pH gradient in neuronal endosomes, possibly by giving rise to leaky membranes.

Dr. Williamson has gone on to show that under conditions where receptor-mediated endocytosis

was blocked, the toxin could enter neurons directly through the plasma membrane by a transient

lowering of the pH of the external medium. She is in the process of obtaining additional

ultrastructural evidence to complement her biochemical findings, and to determine whether the

holotoxin or or\ly its toxic fragment exits the endosome.

Unit on Neurocherrustry

The Unit on Neurochemistry, led by Douglas Brermeman, has continued to focus on

neurotrophic mechanisms related to vasoactive intestinal peptide (VIP) action in the mammalian
central nervous system. Although the aim of this group is to discover the molecular basis

through which VIP regulates the survival ofCNS neurons, recent studies have expanded to more
applied aspects of neuropeptide and growth factor pharmacology that relate to neuropathological

diseases in humans. Examples of the more applied aspects of this Unit include a continuing

exploration of the neurotoxic properties of the envelope protein from the human
immunodeficiency virus, an investigation of the growth inhibitory properties of a VIP antagonist

on small cell and non-small ceU lung carcinoma, and studies on the mechanism of neuro-

degeneration observed in L-tryptophan eosinophilia myalgia syndrome, which relates to this



Unit's experimental interest in cytokines.

Characterization of Activity-Dependent Neurotrophic Factor : During the past ten years,

Brenneman and co-workers have sought to discover the molecular basis by which electrical

activity influences the survival and differentiation of developing neurons. In the course of these

studies, this group found that VIP had a potent action in maintaining the survival of developing

neurons in culture that were spontaneously degenerating through a mecharusm which was

related to ongoing synaptic activity. Subsequently, VIP was found to act as a secretagogue for

neurotrophic molecules released from astroglia. One of the substances released by VIP was

recently purified to homogeneity by this group in collaboration with Illana Gozes of Tel Aviv

Uruversity. The newly isolated protein was i«med activity dependent neurotrophic factor

(ADNF) because its action was initially discovered in electrically blocked spinal cord test cultures

and ADNF's secretagogue, VIP, was released from neurons during spontaneous electrical

activity. During the past year, several lines of investigation were developed that indicate that

ADNF is a novel and extraordinary substance: anuno acid sequencing of ADNF fragments,

tmmimo-specificity, and direct comparisons of pharmacological properties v^dth known growth

factors. Since earlier studies indicated that ADNF had N-terminal blockade, peptide fragments

were isolated after proteolytic digestion of purified ADNF. Three peptides were sequenced. All

of the determined sequences were unlike that of any known neurotrophins. Furthermore, the

acquisition of the sequence information wdll greatly facilitate the molecular cloning of ADNF.
Previous collaborations with Illana Gozes also resulted in the generation of neutralizing

antiserum to ADNF. The specificity of this antiserum was established in that purified ADNF
prevented neurotoxicity produced by the antiserum, whereas NGF, PDGF, IGF 1 & II did not.

Furthermore, none of the aforementioned growth factors had any detectable action in increasing

neuronal survival in electrically blocked spinal cord cultures, supporting the conclusion that

ADNF action is unique. In addition, the antiserum studies were extended to dissociated cviltures

from other brain regions including mouse hippocampus and rat cerebral cortex. In all

preparations, anti-ADNF killed neurons in a dose-dependent manner and in all cases purified

ADNF prevented the antiserum-associated death. In parallel studies, purified ADNF was found

to increase the survival of cerebral cortical neurons either in electrically blocked or electrically

active cultures. Attesting to the distinctive nature of ADNF, its action in cerebral cortical

cultures is approximately 1000 times more potent than any known growth factor, with activity

demonstrated at femtomolar concentratior^s. This work is the culmination of 10 years of research

into the molecular basis by which activity, neuropeptides and glial cells regulate the survival of

developing neurons in the CNS.

Developmental Pharmacology of VIP : To extend this Unit's observations on the neurotrophic

and mitogenic actions of VIP made in cell culture systems, several exjjerimental strategies have

been pursued to investigate the growth-regulating role of VIP in neonatal and fetal aiumals

including: studies on the ontogeny of VIP receptors, development of specific VIP antagoiiists,

further examination into the interaction between VIP and alpha adrenergic receptors, and studies

of VIP plasma levels during pregnancy. Working with neonatal rat brain and in vitro

autoradiography, Joanna Hill investigated VIP receptor distribution, with both GTP-sensitive and

GTP-insensitive receptors being characterized. She foimd that both receptors were present in

abundance as early as gestational day 14 and their appearance was dynamic both temporally and

spatially throughout development. The transient appearance of dense GTP-insensitive VIP

binding throughout the developing brain correlated with gliogenesis and glial fasciculation.

Since previous studies indicated that VIP and alpha-adrenergic receptors have a synergistic effect

on astrocyte signal transduction, parallel studies on the ontogeny of various alpha-adrenergic

receptor subtypes in the developing rat brain were conducted by Siasan McCtme, utilizing in situ



hybridization techniques. This work indicated that the alpha-lA receptor was localized in the

olfactory bulb, cortex, amygdala, hippocampus, reticular nucleus of the thalamus and the

trigeminal nucleus, whereas the alpha-IB was found in the cortex, amygdala, thalamus, dorsal

raphe, trigeminal nucleus and cerebellum. Expression of the alpha-lC was limited to olfactory

bulb and hippocampus. The alpha 2 receptor was more diffuse in expression. All of the

subtypes exhibited ontogenic temporal and spadal variations. The alpha IB expression

correlated closely with the localization of GTP-insensitive VIP binding in the developing brain.

Although the expression of VIP receptors appears in abundance throughout the developing

brain, no VIP immvmoreactivity or mRNA for VIP has been detected. To address the possibihty

that extraembryonic sources provide the neuropeptide for these receptors, VIP levels present in

maternal blood were examined throughout pregnancy in rats. Ten-fold fluctuations in plasma

levels of VIP were observed, v^th the peaks fovmd at day 15 and 18 of gestation. No evidence

of prenatal VIP imrnvmoreactivity or VIP mRNA was detected in E14-E20 placenta. The

dynamics of neuropeptide interactions between mother and fetus will be the focus of future

investigations.

A Mechanism of Neuro-AIDS : Acquired immune deficiency syndrome is often accompanied by

extensive neurological damage in children, including acquired nucrocephaly with cerebral

atrophy, cognitive deficits, motor impairment and progressive encephalopathy resulting in loss

of or failure to attain developmental milestones. The Unit on Neurochemistry became

experimentally involved in AIDS research when the hypothesis arose that a portion of the

envelope protein of the human immtmodeficiency virus was recognized to have sequence

homology with VIP and, therefore, the possibility existed that the envelope protein might

interfere with the neurotrophic action of VIP. This group was the first to describe that HIV-

related viral products can produce neuronal death and damage both in developing hippocampal

cultures and in neonatal rodents. Recently, Brenneman and Hill demonstrated that fragments

of the envelope protein (gpl20) can enter the CNS and these fragments can produce neuronal

cell death in dissociated cerebral cortical cultures. Based on the work of this Unit and others,

it is now apparent that neurons from many species are vulnerable to the toxic effects of gpl20,

suggesting that the neurological aspects of AIDS need not be confined to human or primate

models. This work further impUes that, in contrast to the issue of viral infectivity and viral

spread for HIV, the CD4 receptor is not necessary to mediate the neuronal death and damage

mediated by the HIV envelope protein, since all of the non-primate species do not possess CD4

receptors. Thus, the envelope protein from HIV still remains a primary candidate that could

account for neurological impairment and developmental delay observed in pediatric AIDS.

A Mechanism of L-tryptophan eosinophilia mvalgia syndrome : In collaboration vnth Esther

Sternberg, the Unit on Neurochemistry has defined a potential cellular and molecular mechanism

which may explain the complex of polyneuropathies associated with the L-tryptophan

eosinophilia myalgia syndrome (EMS). This syndrome occurred in epidemic proportions in the

United States in 1989 in patients taking contaminated L-tryptophan. Brenneman's studies show

that of the stereoisomers of the gastric breakdown product of a contaminant implicated in

causing the syndrome, one of them [(-)-(lS3S)-methyI-l,23,4-tetrahydro-beta-carboIine-3-

carboxylic acid] is neurotoxic to fetal spinal cord cultures. This effect was stereospecific and

dose-related suggesting that it may occur though a receptor-mediated mechanism. Furthermore,

the neurotoxicity is completely blocked by anti-interlevikin-l alpha and by anti-interleukin-1

receptor antibody. This finding, coupled with the observation that interleukin-1 alpha itself is

toxic to mature spinal cord neurons in culture, has many impUcations for our understanding of

the functional relevance of this cytokine in the CNS as well as contributing to our knowledge

of the etiology and pathogenesis of EMS.



Unit on Molecular Neurobiology

The focus of the Unit on Molecular Neurobiology, led by Andres Buonanno, is to understand

how the activity of presynaptic neurons can modulate long-term gene expression in the

postsynaptic target cells. The work has centered on identifying the transcription factors that

either repress or activate specific gene families in response to different patterns and frequency

of electrical stimulation. In muscle, we have concentrated on studying the repression of the

MyoD family of factors because they were shovm to regulate rucotinic acetylcholine receptor

(nAOiR) transcription, and on the troponin 1 (Tnl) genes since the expression of the slow and

fast isoforms is differentially regulated by patterns of activity. We have also begtm to done and

characterize glutamate receptors (GluRs) in the brain to understand their role in formation of

neural pathways during development.

Regulation of Skeletal Muscle Genes : Skeletal muscle phenotype is dramatically influenced by

the type of motoneuron innervation it receives. The pattern and frequency of nerve-elicited

electrical activity modifies the distribution of receptors on the myotube surface and the

contractile properties of the myofiber by regulating gene transcription. We previously

demonstrated that the MyoD family of transcription factors regulate the expression of genes

coding for nicotinic acetylcholine receptor (nAChR) subunits and contractile proteins during

muscle differentiation, and that they may account for the downregulation of receptor genes

during muscle innervation. Using in situ hybridization, we fotmd that the levels of nAChR and

myogenic factor transcripts were low throughout the innervated myofibril, and that the

myogenic factor mRNAs were not co-localized with receptor RNAs at synaptic nuclei. Two days

after denervation, all these transcripts accumulated in the myofibril nuclei. In addition, we fovmd

that the levels of myogenin protein are higher in nuclei isolated from denervated muscle than

innervated muscle, consistent with the idea that the myogenic factors mediate the up-regulation

of receptor genes after denervation. Next, we investigated the effects of different stimulation

frequencies on the expression of the myogenic factors. Northern blot analysis of RNA isolated

from muscle that was either denervated, or denervated and stimulated with extracellular

electrodes, showed that the MyoD family of factors is down-regulated by depolarization

frequencies typical of fast- or slow-tvdtch muscle. In contrast, expression of the genes coding for

troponin I isoforms, which are proteins involved in conferring the fast and slow contractile

properties to muscle, was selectively up-regulated only by the corresponding type of stimulus

frequency; denervation dovm-regulated their expression. These results suggest that the MyoD
family does not determine fiber-type specificity and that different factors regulate these

properties. We have begun to characterize the regulatory sequences of the myogenin and TnI,,o„

gene to identify the elements that either confer repression or activation of transcription in

response to innervation. We found in transgenic mice that 3.7 kb of myogenin gene upstream

sequences impart musde-spedfic transcription to a CAT reporter gene and partial responses to

denervation.

Glutamate Receptor Genes : GluRs have been implicated in simple forms of learning and

memory and are the site of action of several psychoactive drugs. GluRs have been broadly

classified in the non-NMDA and NMDA subtypes. Molecular doning of non-NMDA GluR

cDNAs has revealed a large family of related receptor subimits that can be classified into distinct

groups by their sequence similarity and binding preferences for either AMPA (GluRs 1-4) or

kainate (GluRs 5-7 and KAR 1,2). Alternative splicing and RNA editing add further complexity

to the different receptor isoforms that can be generated from a single GluR gene, resulting in the

assembly of receptors that exhibit marked differences in ion-selectivity and desensitization



properties. Previously, we reported on the cloning of a novel GluR 4 transcript that results from

the differential RNA processing of sequences coding for an alternate C-terminus; we designated

this isoform GluR-4c. We observed on Northern blots containing cerebellar RNA, that GluR-4

oligonucleotide probes corresponding to the N-terminal extracellular domain of the receptor

hybridized to bands of 6.2, 4.2, and 3.0 kb. However, probes derived from sequences

corresponding to the middle or C-terminal end of the protein hybridized exclusively to the larger

bands. We have now obtained cDNAs corresponding to the short 3.0 kb transcript; they have

been called GluR-4s. DNA sequencing of these cDNAs revealed that the 3.0 kb mRNAs are

derived from GluR-4 nascent transcripts by differential splicing, and that they code for a protein

that is identical to GluR-4c for most of the N-terminal region, but diverge and tenninate to yield

a truncated polypeptide. In contrast to the other GluR-4 isoforms, which are expressed in

neurons and glia, GluR-4s transcripts are predominantly expressed in cerebellar granule neurons.

In collaboration with Dr. Mayer's laboratory, we have begun to identify the non-NMDA GluR

isoforms expressed by dorsal root ganglia (DRG) and determine the molecular components

underlying the heterogeneity ofDRG responses to glutamate analogs. The effects of denervation

on GliiR expression have also been studied.

Unit on Molecular Control of Neurodifferentiation

The newly established Unit on Molecular Control of Neurodifferentiation, directed by Dr. Denes

V. Agoston, has focused on the developmental regulation of phenotypic diversity that is

fundamental to the formation and normal function of the central nervous system (CNS). The

working hypothesis is that in the developing CNS there is an embryonic-specific regulation of

phenotypic gene expression which is different than the normal adult type of regulation and the

knowledge of this regulation may be critical to understand and cure phenotypic disorders. The

aim has been to identify developmental events that are both specijfic to and critical for the

establishment of the neuronal phenotype and ultimately identify, done, and characterize

embryoiuc frans-acting factors and identify their corresponding cis-elements of selected

phenotypic marker genes.

Previous studies from LDN indicated that spontaneous electrical activity acts as major

epigenetical factor during neurodifferentiation and regulates critical developmental events such

as syrwpse formation, or neuronal apoptosis. It was previously shown by Dr. Agoston, that

contrary to studies in the peripheral nervous system (PNS), the phenotypic establishment for

enkephalin and VIP phenotypes in the embryonic CNS is primarily regulated by neuronal

activity and not by soluble extracellvdar factors. Tetrodotoxin (TTX) blockade of electrical

activity resulted in the elimination of the expression of phenotypic marker genes in a reversible

and developmentally specific manner. Experiments with various dihydropyridines showed that

permanent activation of voltage-gated calcium chaimels of L-type is crucial for maintaining

phenotypic expression during this critical period of neurodevelopment. In collaboration with Drs.

Brenneman and Summers, the role of glutamate receptors in the activity-dependent phenotypic

establishment was investigated. It was established that in embryonic mouse spinal cord, a large

proportion (approximately 70%) of the neuronal activity is mediated through glutamate

receptors. The activation of the NMDA-subtype of glutamate receptors with unusually low

concentration (1 viM) ofNMDA was able to up-regulate, whereas stimulation of the metabotropic

quisqualate subtyp>e down-regulated enkephalin expression. These and other experiments

indicate that in the developing CNS, intracellular calcium signaling resulted from the activation

of VSCC-s and/or NMDA channels may lead through an as yet unidentified mechanism.



caldum-dependent frans—activation of phenotypic genes. However, the permeability of L-type

VSCC-s seems to be primarily responsible, since only agonists of the L-type VSCC but not

NMDA or any other drugs were able to prevent TTX induced down-regulation of phenotypic

gene expression.

Exp>eriments using various first and second messengers further supported Dr. Agoston's working

hypothesis that the regulation of phenotypic expression in developing mammalian CNS is

different than in adult CNS. Also, Dr. Agoston showed that during neiarodifferentiation in

contrast to adult CNS, temporal blockade of protein biosynthesis with cydoheximide resulted

in a TTX-like down-regulation of enkephalin expression, indicating that the intactness of de novo

biosynthesis of trans-activator proteins is necessary during phenotypic establishment The
working hypothesis was further supported by transfection studies. Transfection of the hybrid

gene containing aU of the knowTi regulatory regions of the rat ei\kephalin gene (-190 bp from the

cap site) linked to CAT reporter gene indicated that in developing CNS additional upstream

sequences are needed to mimic the activity-dependent expression of enkephalin.

Dr. Agoston and Christina Palkovits have shown that the expression of the protooncogene c-fos

and its responsiveness to various extracellular stimuli is developmentally regulated. Prior to the

critical period, there is no constitutive expression of c-fos, only serum factors and veratridine

depolarization can induce c-fos expression. Constitutive expression of c-fos is driven by the

increasing spontaneous electrical activity and not by serum factors and restricted to neuronal

nuclei. During the "critical period" c-fos expression can be dramatically up-regtdated by the

GABA antagonist picrotoxin and to a lesser extent by various dihydropiridines and completely

blocked by tetrodotoxin. Interestingly, picrotoxin which up-regulates c-fos expression by

15-18-fold, has no effect on enkephalin expression.

In collaboration with Dr. Waschek, the mouse chromosomal VIP gene was isolated,

characterized, and transgene animals were made. They fovmd that for precise, tissue specific

expression of the VIP gene the intact 12 kb 5' upstream regulatory region is necessary. Further

deletion analysis is imder way.

In collaboration with I>rs. Palkovits and Komoly, it was established that in the adult basal

forebrain, which is in the focus of Alzheimers' research, neuronal activity is critically important

for the maintenance of phenotypic integrity. In this in vivo study, the blockade of electrical

activity of septo-hippocampal neurons by stereotactic injection of TTX caused a dramatic,

however temporary up-regulation of both galanin immimoreactivity and galanin transcripts in

the neurons of the nudeus of the diagonal band without altering choline acetyltransferase

expression and fuUy mimicked the effects of axotomy. This finding suggests that the perturbance

of ongoing electrical activity of septal cholinergic neurons alone can lead to temporal

uf)-regulation of galanin expression in the septo-hippocampal cholinergic system.

In collaboration with Drs. Olah and Brenneman, a novel intracellular signalling pathway was
identified in astroglia. They found that the secretagogue effect of subnanomolar VIP stimulation,

which releases the novel neurotrophic factor ADNF, works through translocation of PKC
isoenzymes (a and the novel isoform 6) from the cytoplasm to the nuclei rather than by elevating

intracellular cAMP.



Section on Cellular Neurobiology

The Section on Cellular Neurobiology studies the intracellular trafficking and the enzymology and

regulation of biosynthesis, of the ACTH/endorphin family of neuropeptides. In addition, the

molecular and cellular mechanisms regulating the developmental expression of the

ACTH/endorphin peptides and their role in intercellular communication and neural development

are investigated. The ACTH/endorphin/a-MSH family of peptides are synthesized in the brain

and pituitary from a common glycoprotein precursor (pro-opiomelanocortin, POMC). POMC is

synthesized on ribosomes and transported through the rough endoplasmic reticulum to the Colgi

where it is sorted into secretory graniiles of the regulated pathway, and proteolyticaUy processed.

A highly specific set of proteases are involved in the various cleavages of this prohormone. The

processing of POMC is tissue-specific and gives rise to different biologically active peptides in

brain and the intermediate and anterior lobe of the pituitary.

We have continued to investigate the signals involved in the targeting of POMC to the regulated

pathway. Previous work in our laboratory has identified the first 26 amino acids of the N-

terminus of POMC (N-POMC) as containing the targeting signal for the regulated pathway. This

region of POMC is highly conserved across species and contains a unique structviral motif of a

hairpin loop stabilized by two disulfide bridges located at Cys2-Cys24 and CySg-CySjo- POMC
cDNA mutants containing nucleotides encoding one or both Cys at positions 2 and 8 substituted

for that of serine, and with nucleotides encoding the hairpin loop deleted, were constructed and

transfected into Neuro 2a cells, to further study the structural requirement of the N-POMC
targeting signal. Dr. David Cool showed that the deletion of the entire N-terminal hairpin loop

or the second disulfide bridge prevented sorting of POMC to the secretory granules. Thus, we
have uncovered for the first time a unique conformation necessary for the targeting of a

prohormone to the secretory granules of the regulated pathway.

Niamh Cawley has recently purified and characterized a paired basic residue-specific yeast

aspartic protease encoded by the YAPS gene. This YAP3 gene was over-expressed in a strain of

yeast lacking aspartic proteases and the purified enzyme was shown to have a similar size,

inhibitor profile and specificity for POMC as the mammalian paired basic residue specific aspartic

protease, POMC converting enzyme (PCE), discovered in our laboratory. Dr. Fernando Estivariz

determined the specificity of YAPS in vivo by co-transfectton of the YAPS gene and POMC gene

into GHS cells. The cleavage pattern of POMC by YAPS was identical to that found in vitro using

the purified enzyme. One of the most exciting findings is that the YAPS antibody we generated

cross-reacted with PCE, indicating that PCE is xmdoubtedly the mammalian homologue of this

yeast enzyme. These results have immediately increased the strategies that can be applied to

clone PCE, such as the screening of a bovine pituitary expression library v^dth this antibody, and

the design of oligonucleotide primers from the yeast YAPS gene sequence for PCR.

Dr. Ted Friedman has recently identified an enzyme in bovine pituitary secretory vesicles that

has mono- and di- peptidyl carboxypeptidase (MDACE) activity. This enzyme cleaves ACTHj^,

to ACTHij7 and ACTHi^jg, peptides which are found in the pituitary. MDACE also releases glu-

phe (ACTHss^, which has been shown by Dr. Mayer to have an excitatory action on hippocampal

neurons). MDACE has been characterized as a serine protease with a pH optimum of 5.5. Dr.

Friedman and Niamh Cawley are currently purifying MDACE, and two enzymes we previously

identified: the tetrabasic residue-specific, acidic ACTH converting enzyme (AACE) and the

KEX2/PC2-like enzyme, from bovine intermediate lobe secretory vesicle membranes. All three

enzymes have been partially purified and shown to be glycoproteins. They appear to exist in two

isoforms. AACE and MDACE have mol. wts. of 50 kDa and 70 kDa respectively. The PC2-like



enzyme exists in 2 forms with mol. wts. of ~66 kDa and ~53 kDA. This is the first

characterization of the endogenous PC2 enzyme extracted from a tissue, since this enzyme was
discovered by PCR cloning strategies using oligonucleotide primers designed from the yeast

KEX2 gene which encodes an eiuyme that processes pro-a-mating factor.

Dr. Hayes has continued his studies on the identification of the cell-cell interaction underlying

the embryonic onset of neuropeptide gene expression in the developing frog brain. He has now
mapped the temporal and spatial expression of 4 neuropeptide mRNAs: POMC, pro-TRH, pro-

enkephalin and pro-LHRH. He showed that the first embryonic POMC and TRH cells are highly

clustered in the neural tube before the appearance of brain nuclei, and that these cells go on to

form the adult-like pattern. These observations support the hypothesis that neuropeptide

phenotypes vsadely distributed in adult animals, in fact arise by local induction or local

proliferation, followed by neuronal migration. Recently, he has cloned the LHRH cDNA for

Xenopus in collaboration v^th Dr. J. Battey WCl) and showed that the expression of the LHRH
mRNA is suppressed during early frog development. In situ hybridization and
immimocytochemistry done in collaboration with Dr. S. Wray (NINDS) showed that this mRNA
and peptide are expressed only in the late larval period, unlike in mammals. Dr. Hayes has also

carried out systematic embryonic-to-adult atlases of these four neuropeptides and found that from

frog-to-rodent the brain neuroanatomy for these peptide systems has been highly conserved in

evolution.

To address the question ofhow these neuropeptide systems arise during Xenopus embryogenesis.

Dr. Hayes used several approaches involving a molecular assay {in situ hybridization

histochemistry) of the effects of retinoic acid, embryonic surgery and cell marking. Using the

teratogen, retinoid acid, at different doses before gastrulation to cause serial deletion of the

anterior-to-posterior forebrain, he showed by in situ hybridization that POMC in the pituitary was
eliminated at 5 x 10^ M RA. This is because prior studies had shown that the pituitary arises

anterior-most in the neural plate of all vertebrates. However, the interesting finding was that

POMC cells are also absent in brain at 5 x 10^ M RA, thus providing the first experimental

support for the idea that the onset of POMC gene expression in brain requires either the presence

of, or an interaction with, anterior neural plate cells. Furthermore, he showed that while 5 x 10"*

M RA completely eliminated POMC gene expression, TRH cells, which originate from more
posterior neural plate than POMC cells, were spared, showing normal expression of TRH mRNA
at this concentration of RA. Exposure to much higher concentrations (lO"^ and 5 x 10'^ M) of RA
produced a dramatic overgrov^h of both midbrain and hindbrain nuclei; however, the expression

pattern for TRH was still normal, although now present in a greatly enlarged posterior CNS. This

normal pattern for TRH cells in these now gigantic brain regions provides support for the idea

that in early embryogenesis either RA or RA-sensitive signals spediy the normal program for the

development of posterior CNS. Thus, exposure to high levels of RA results in a reprogramming
of anterior CNS to more posterior CNS.

In order to examine whether the first POMC and TRH cells are clonally related or if they undergo

long-range neuronal migration, embryonic cell marking studies were carried out using the

fluorescent membrane-intercalating dye, Dil, in collaboration with Dr. George Serbedzija (Cal

Tech, Pasadena). Localized injections at neural plate and tube stages in presumptive anterior

CNS regions followed by analysis using optical sectioning on a Biorad 500 Confocal Microscope

produced the exciting finding that many anterior plate cells go on to migrate caudally along the

neural tube. Serial section studies are now in progress to determine if these cells are POMC or

TRH cells by combining use of the Dil label with labeling by in situ hybridization histochemistry.



To study the role of the POMC family of peptides during development, we are attempting to

delete the POMC in a transgenic mouse gene by homologotis recombination. Recently in

collaboration with S. Karlsson (NINDS), we have successfully deleted the POMC gene in mouse

embryonic-derived stem cells using a targeting vector writh the neogene inserted into the coding

region of the POMC gene, made by Dr. J. Hewitt in our laboratory. Work is now in progress to

generate a mouse germ line containing the disrupted POMC gene.

Section on Neuroendocrinology

This project is focused on the pineal gland, vfith a primary emphasis on how the production of

melatonin is regulated and a secondary focus on how melatonin acts. The program is directed

by David C. Klein.

Melatonin production is controlled by norepinephrine, which stimulates the production of cyclic

AMP. This stimulation is mediated by a GTP binding regulatory protein which activates

adenylate cyclase (Gsa). Workers in the section have made important advances in imderstanding

how the abtmdance of this protein is regulated. First, Tamar Babila found that the amount of

Gsa increases when neural stimulation decreases, apparently reflecting a tendency of the cell to

maintain normal responses. The mechanism may involve changes in mRNA, a possibility which

is now being investigated by Steven Coon, using a highly sensitive PCR method he has

developed.

This new PCR method has already revealed that the levels ofmRNA splice variants encoding the

large and small forms of Gsa vary independently during development, and that changes in

mRNA are associated with changes in the corresponding protein.

The mechanism through which cyclic AMP controls melatonin production is known to involve

regulation of N-acetyltransferase. Accordingly, this enzyme is of central importance to this

program. An important advance that has been made in this area is the finding by Li Yu and

Nicolas Schaad that the effects of cyclic AMP are strongly influenced by the intracellular levels

of Ca** . These are regulated by norepinephrine acting through Oj-adrenergic receptors. It was

known that Ca** is involved in controlling the production of cyclic AMP. The new findings that

Ca** also modifies the effects of cyclic AMP represent a major new development in this area.

Significant progress has been made towards the purification of N-acetyltransferase. Work done

in the laboratory by a number of workers, primarily Patrick Roseboom and Joan Weller, has

established that this enzyme binds to a dimeric protein complex composed of isoforms of 14-3-3

proteins, and that this association can be reversed by appropriate salt treatment. These isoforms

have been cloned, with the long term goal of synthesizing sufficient quantities to use in the

construction of affinity columns to be used to purify this enzyme.

Another approach to the purification of this enzyme is to identify a relative which shares a

common ancestor, and use this as a means of cloning the pineal N-acetyltransferase. Dr. Klein

and his coworkers have identified an enzyme which is a candidate for such a relative. This was

discovered in Streptomyces alboniger. It is expected that this will be purified and cloned within

a year.

The last enzyme in melatonin production is hydroxyindole-O-methyltransferase (HIOMT). Sue

Donohue has worked on this enzyme and has cloned a cDNA from a human pineal library which



encodes the enzyme. Interestingly, she has found that in the human pineal gland there are three

species of HIOMT mRNA, which appear likely to reflect splice variants. These variants appear

to be a common feature of all pineal glands examined to date. Their relative activity may vary,

and this issue is currently being examined.

The secondary focus of the program, the analysis of how melator\in acts, has been pursued

primarily by Jiri Vanecek. He has worked with a model first established by David Klein and Jean

Martin, the neonatal rat pituitary gland. Melatonin acts on this tissue to block GnRH-induced

release of LH. Vanecek has foimd that this effect is lost during development because melatorun

receptors disappear. Working in the Section, Eh-. Vanecek has discovered that melatonin probably

acts by inhibiting the influx of Ca**, and that this occurs because melatorun causes a

hyperpolarization of pinealocytes. Moreover, it appears that melatonin acts through a class of

G-proteins which are sensitive to the ribosylating action of pertussis toxin. This group is knov^m

to include Gi and Go. This work has been extended using single cell analysis. This effort has

pointed to the existence of two populations of GnRH-sensitive gonadotrophs in the pituitary

gland, one that is clearly sensitive to melatonin and one that is not. Some of those melatonin-

sensitive cells are remarkably sensitive to melatonin, as indicated by the ability of melatonin to

completely block effects of GnRH.
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TITLE OF PROJECT (80 characters or less. Title must fit on one line between the borders.)

Biosynthesis, Processing & Secretion of Neuropeptides & Pituitary Peptide Hormones
PRINCIPAL INVESTIGATOR (List other professional personnel below the Principal Investigator.) (Name, title, laboratory, and institute

PL y. Peng Loh
Others

:

LePing Pu
Theodore Friedman
Fernando Estivariz
Niamh Cawley
Winnie Tam
Vifftor Hwang

Section Chief

Visiting Fellow
Medical Staff Fellow
Courtesy Associate
PRE-IRTA
Microbiologist
Bio-Lab Tech.

LDN, NICHD

LDN,
LDN,
LDN,
LDN,
LDN,

NICHD
NICHD
NICHD
NICHD
NICHD
WTCHn

COOPERATING UNITS (if any)

Lab. of Cell Biology, NIMH (M. Brownstein, E. Mezey) ; Endocrinology and
Reproduction Research Branch (H-C Chen); IMBICE, La Plata, Argentina (F.

Estivariz^; National Institute for Medical Research. London. England fP. Smvth^
LAB/BRANCH

Laboratory of Developmental Neurobiology
SECTION

Section on Cellular Neurobiology
INSTITin-E AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL STAFF YEARS:

5.5

PROFESSIONAL:

2.5
OTHER:

CHECK APPROPRIATE BOX(ES)

D (a) Human D (b) Human tissues

D (al) Minors
D (a2) Interviews

(c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

Pituitarv secretory vesicle enzymes involved in the processing of pro-
opiomelanocortin (POMC, pro ACTH/endorphin) were studied. A 70,000 mol. wt. Ca"^

activated aspartic protease specific for paired basic residues of POMC ( POMC
converting enzyme PCE > has been purified in sufficient quantities for
microseguencing. A yeast aspartic protease encoded by the YAP3 oene which
processes pro-a-mating factor has been overexpressed in a yeast strain lacking
aspartic proteases. The YAP3 enzyme has been purified and shown to have
specificity , inhibitor profile , size and immunological properties similar to the
mammalian PCE . PCE appears to be the mammalian homologue of YAP3 enzyme. YAP has
been co-expressed with POMC in GH3 cells. YAP3 was shown to process POMC in these
cells in a manner identical to the purified enzyme In vitro. An acidic, Ca**

activated serine protease specific for the tetrabasic sites of ACTH has been
isolated and partially purified. A PC2-like serine protease which cleaves POMC at

paired basic residues and the tetrabasic residue site of ACTH has been identified
in bovine secretory vesicle membranes and partially purified.
A mono- /dipept idyl carboxypeptidase which cleaves ACTH

^ ^^ to ACTH . ^ and ACTH . ,j

has been identified, characterized and partially purified from bovine intermediate
lobe secretory vesicle membranes. The signal involved in the targeting of POMC to

the regulated secretory pathway was also investigated. Truncated POMC/CAT
constructs tranefected into AtT-20 cells indicated that the first 26 amino acids of

POMC which forms a hairpin loop stabilized by two disulfide bridges contains the
signal for targeting the prohormone to the regulated secretory pathway. POMC
mutants with the N-terminal hairpin loop, or one of the disulfide bridges removed
failed to be targeted to secretory granules. These results indicate the importance

of the unique conformation and disulfide bridges of the N-terminus of POMC in

facilitating targeting of this prohormone to secretory granules .





DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

Z01 HD 00064-16 LDN

PERIOD COVERED

October 1, 1991 to September 30, 1992

TITLE OF PROJECT (80 characters or less Title must In on one Una between ttte borders )

Neurobiologic Studies of Neurons and Glia in Cell Ctilture

PRINCIPAL INVESTIGATOR (List other prolessionat personnel txlow the Principal Investigator ) (Name, title, laboratory, ana mstn.-.o c'l.-.dMr.j

PI:

Others:

P.G. Nelson

R.D. Fields

P.-X. Lin

H.Z. Sheng
Y. Uu
S. Fitzgerald

Chief

Senior Staff Fellow

Visiting Fellow

Visiting Fellow

NRC Fellow

Biologist

LDN,NICHD

LDN,NICHD
LDN,N1CHD
LDN,N1CHD
LDN,N1CHD
LDN,N1CHD

COOPERATING UNITS <il any)

LAB/|3f5g/|fatory of Developmental Neurobiology

SEC
^Slittion on Neurobiology

INSTLT
M^^,^?5tff,^ethesda, Maryland 20892

TOTAL MAN-YEARS:

6.5
PROFESSIONAL:

5.0
OTHER;

1 .5

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects

D (al) Minors

D (a2) Interviews

D (b) Human tissues K! (c) Neither

SUMMARY OF WORK (Use standard unreduced type Do not eMceed the space provided)

Neuromuscular junctions form in a tissue culture compartmental system in which two
separate populations of cholinergic neurons iimervate a common population of muscle

cells. Stimulated and unstimulated afferents in unilaterally stimulated preparations lose

coimections equally, and bilaterally stimulated preparations lose more connections than

do unilaterally stimiolated ones. These effects contradict the Hebb model of activity-

dependent synapse strengthening and elimination . Loss preferentially affects connections

that are from neurons furthest away spatially from the iimervated muscle. We postulate

that spatial contiguity effects may be involved in many developmental synaptic

remodeling phenomena. The kinetics of calcium increase, adaptation and recovery have
been determined in stimulated sensory neurons. Only the initial acaimulation kinetics

change with chronic activation. A number of immediate early genes (lEGs) have been
characterized with regard to their single cell distribution and responses to depolarizing

stimuli . A high degree of selectivity for specific patterns of electrical activity has been
demoi\strated. Bursts are more effective than steady stimulation, but c-fos responds to

1/min but not 1/2 mins to bursts (same total number of action potentials) while Nvu- 77

responds equally well to either pattern. Northern blot analysis fails to show a change
in GAP-43 transcription in sensory (DRG) neurons vdth electrical stimulation in either

the absence or presence of synaptic targets for the DRG cells. This suggests

phosphorylation or other post-transcriptional changes may be involved in any role this

protein has in plasticity in the nervous system.
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DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBUC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 00094-22 LDN

PERIOD COVERED

October 1, 1990 - September 30, 1991
TITLE OF PROJECT (80 characters or less. Title must fit on one line t)etween the borders.)

Pineal Regulation; Environmental and Physiological Factors
PRINCIPAL INVESTIGATOR (List other professional personnel below the Principal Investigator.) (Name, Htle, laboratory, and institute

PI: D.C. Klein Head LDN. NICHD

Others: Tamar Babila

Nicolas Schaad
Steven Coon

Visiting Fellow
Visiting Fellow
NBC Fellow

LDN. NICHD
LDN. NICHD
LDN. NICHD

COOPERATING UNITS fifany)

Georgetown University (M.A.A. Naroboodiri; NEI (T. Shinohara); NIDDK (A.

University of Giessen (H. Korf)

Speigel)

;

LAB/BRANCH

Laboratory of Developmental Neurobiology
SECTION

Neuroendocrinology
INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, MP 20892
TOTAL STAFF YEARS:

1.8

PROFESSIONAL:

1.4

OTHER:

0.4
CHECK APPROPRIATE BOX(ES)

n (a) Human
D (a1) Minors
D (a2^ Interviews

n (b) Human tissues B (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

The regulation of the pineal gland by environmental and physiological factors is

analyzed, exclusive of transmembrane and intracellular regulatory mechanisms (see
ZOl HD 00095-22 LDN). The pineal gland is part of the melatonin rhythm generating
system , a neural circuit which includes a circadian clock in the suprachiasmatic
nucleus (SCN); the SCN is reset and entrained by light acting through the eve . An
area of special current interest is proteins involved in transmembrane signal
processing. These include G-proteins, MEKA and the S-antigen. These studies
indicate that MEKA and the S-antigen are absent before birth and appear rapidly
during the first postnatal week in the rat. In contrast, G/3 is present at adult
levels prior to birth. In the adult, it has been found that the amount of MEKA and
the phosphorylation state of this enzyme are regulated by environmental lighting.
Total MEKA increases at night; phosphorylation also increases at night in the dark
and the protein is rapidly dephosphorylated by exposure to light. An interesting
new finding is that the amount of pineal Gsa is under impressive regulation,
increasing following procedures which block neural stimulation. In addition, the
large and small splice variants of Gsa exhibit different developmental patterns.
It has also been discovered that the developmental appearance of the adrenergic
stimulation of pineal cyclic GMP occurs several weeks after that of the adrenergic
stimulation of cyclic AMP.





DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBUC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 00095-22 LDN

PERIOD COVERED

October 1, 1991 - September 30, 1992

TFTLE OF PROJECT (80 characters or less. Title must fit on one line between the borders.)

Pineal Regulation; Transsynaptic and Intracellular Mechanisms

PRINCIPAL INVESTIGATOR (List other professional personnel below the Principal Investigator.) (Name, title, laboratory, and institute

PI: D.C. Klein

Others: J.L Weller

B. White
S. Donohue, P. Roseboom
T. Babila, N. Schaad, A. Lin

J. Vanecek
Z. Naor

Head
Chemist
Senior Staff Fellow

Biotechnology Fellow

Visiting Fellow

Visiting Scientist

Special Volunteer

LDN. NICHD
LDN, NICHD
LDN, NICHD
LDN, NICHD
LDN, NICHD
LDN. NICHD
LDN. NICHD

COOPERATING UNITS (if any)

Georgetovm Univ (M.A.A. Namboodiri); NEI (T. Shinohara) ; Univ of Giessen (H. Korf);

NIDDK (A. Spiegel); NCI (W. McBride); NIMH (E. Ginns); LDN, NICHD (J. Russell, J.

Hill>; Dupont fB. Marrs) ___
LAB/BRANCH

Laboratory of Developmental Neurobiology
SECTION

Section on Neuroendocrinology
iNSTrrLn"E and location

NICHD, NIH, Bethesda, MD 20892
TOTAL STAFF YEARS:

8.0
PROFESSIONAL:

6.9

OTHER:

1.1

CHECK APPROPRIATE BOX(ES)

n (a) Human subjects H (b) Human tissues D (c) Neither

D (a1) Minors

D (a2) lntgrvi?w?
SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

Mechanisms involved in the transduction of neural signals and the control of

tissue specific gene expression are studied. The pineal and pituitary glands are

used as model systems . The details of the chemical and ionic components of

transmembrane signalling processing and of neural and tissue specific regulation of

gene expression are analyzed. Signal transduction in the pineal is of special

interest because cAMP and cGMP are regulated by dual receptor mechanisms which
appear to interact at the level of regulation of adenylyl and guanylyl cyclases .

One leg of these pathways activates these enzymes via GTP binding regulatory
proteins , similar to Gsa. In the area of the neural and developmental control of

gene expression, advances have been made in purifying N-acetyltransferase and

hydroxyindol-O-methyltransferase , and in isolating cDNA clones coding for these
enzymes. It has been found that three HIOMT mRNA molecules exist, which appear to

be the result of alternative splicing; one contains a truncated LINE sequence in

the coding region.
The major hormonal product of the pineal gland is melatonin . Melatonin has

been found to block GnRH induced increase in [Ca**]i and to block GnRH-induced
depolarization. Melatonin appears to act on a subpopulation of GnRH-sensitive
cells.

PHS 6040 (Rev. 5/92)





DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

Z01 HD 00704-08 LDN

PERIOD COVERED

October 1, 1991 - September 30,1992

TITLE OF PROJECT (80 characters or less Title must tit on one line between the txyders )

Tetanus Toxin Effects and Localization in Neurons
PRINCIPAL INVESTIGATOR (List other prolessionel personnel below the Principal Investigator.) (Name, title, laboratory, and institute afliliation)

PI: E.A. Neale

Others: L.C. Williamson

L.M. Bowers

S.C. Fitzgerald

Head

IRTA Fellow

Biologist

Biologist

LDN,NICHD

LDN,N1CHD
LDN,NICHD
LDN,NICHD

COOPERATING UNITS (11 any)

Division of Bacterial Products, Center for Biologies Evaluation and Research, Food and II>rug

Administration (T.L. Halpem and W.H. Habig)
LAB/BR^t^Qj-atQjy of Developmental Neurobiology

SECTIOI
tJnit on Cell Biology

INSTITU
'f^i^fl^Wft, Bethesda, Maryland 20892

TOTAL MAN-YEARS.

1.5
PROFESSIONAL

1.2
OTHER;

0.3

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects D (b) Human tissues B (c) Neither

D (a1) Minors

D (a2) Interviews

SUMMARY OF WORK (Use standard unreduced type Do not exceed tt>e space provided )

An early effect of tetanus toxin is the blockade of inhibitory synaptic transmission .

Potassium-evoked release of glycine has been used to evaluate tetanus toxin uptake and
action in neuronal cell cultures . We tested the hypothesis that toxin is internalized into

neurons by receptor-mediated endocytosis and that the toxin forms pH-dependent channels

in the endosomal membrane, gaining access to the neuronal cytoplasm. Evidence was
provided that toxin action is blocked by monensin, that toxin action correlates with the

maintenance of a pH gradient in endosomes, that lowering the external pH allows direct

toxin entry through the plasma membrane, by-passing the endosomal system, and that toxin

collapses the pH gradient in neuronal endosomes. The time course of toxin action could be
modified by alterations in the level of endogenous neuronal activity, suggesting an effect

on the uptake mechanism. Preliminary data indicate that Brefeldin A. which disrupts

membrane flow and exocytosis, reduces neurotransmitter release in neuronal cultures.

PHS 6040 (Rev 1«4) CPO II 4-*1l





DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

Z01 HD 00708-08 LDN

'ERIOO '^fSBer 1, 1991 to September 30, 1992

riTLEOF
15P^fpVoio|[c=§^^*el '^mmor^^STfBn^e^nk cells in CNS Cell Cultures

'RINCIPAL INVESTIGATOR (List other protessional personnel below the Principat Investigator ) (Name, ale, laboratory, and institute atliliaiionj

PI: Elaine A. Neale Head LDN,N1CHD

Others: A.G. Parfitt

L.M. Bowers

Adjunct Scientist

Biologist

LDN,NICHD
LDN,NICHD

=°°^^"*'i!!ab':' oMeui^ophysiol., NINDS, NIH (T.G. Smith, Jr.); Div. Bacterial Products, Center for Biologi(:s

Eval. and Res., FDA (W.H. Habig & J.L. Halpem); Lab. of Central Nervous System Studiep,

NINDS 0- Safar); Neurosci. Program, Harvard Med. School (G. Davar & X.O. Breakefield).

>B/BRANCH

Laboratory of Developmental Neurobiology

SECTION
" ~~~~~~

Unit on Cell Biology
NSTITUTE AND LOCATION

NICHD. NIH. Bethesda, Maryland 20892
rOTAL MAN-YEARS

J13-

PROFESSIONAL:

JL5_

OTHER

JLB_
:heck appropriate box(ES)

J (a) Human subjects

D (a1) Minors

D (a2) Interviews

D (b) Human tissues (c) Neither

iUMMARY OF WORK (Use standard unreduced type Do not etceed the space provided

)

Neurons in dissociated cell cultures, stained immunohistochemicallv with tetanus toxin,

provide an optimal system for the quantitative study of the development of two-dimensioiial

patterns of neurite outgrov^h . Dendrite structural complexity, as measured by fractal

dimension, increases exponentially over the first few days in culture and appears to be

independent of the formation of intemeuronal contacts. E)endrite grov^h proceeds linearly

for at least a week and does not parallel increases in fractal dimension. Ruorescentlv

labeled reconstituted viral envelopes, applied to neuronal cell bodies, provide an effective

vital stain for the axonal projections and synaptic terminals derived from the labeled

neurons. Herpes virus has been used to mediate the transfection of the lacZ gene into

neurons, providing a selective enzyme marker for synaptic terminals . Light and electron

nucroscope immunocytochemistry have been used to localize the prion protein in neuronal

cell cultures.





DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

Z01 HD 00709-06 LDN

PERIOD COVERED

October 1, 1991 to September 30, 1992
TITLE OF PROJECT (80 characters or less Title must lit on one lirte Ixtween ttte borders )

Prevention of Neuronal Deficits Associated with AIDS
PRINCIPAL INVESTIGATOR (List other prolesstonal personrtel below the Principal Investigator ) (Name, title, labofatory. and institute affiliation)

PI:

Others:

D. Breimen:ian

S. McCime
J.Hill

Head

NfRSA Fellow

Expert

LDN,NICHD

LDN,NICHD
LDN,NICHD

COOPERATING UNITS (H any)

Clin. Neuroendocrinol. Branch, NIMH, (J- Glowa); Dept. Biochem. George Washington Univ., (T.

Moody).

LAB/BI
"tSfebratory of Developmental Neurobiology

SECTIi

Unit on Neurochemistry

INSTITUTE AND LOCATION
NICHD, NIH, Bethesda, Maryland 20892

TOTAL MAN-YEARS:

1.2
PROFESSIONAL

1.2

OTHER

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects

D (al) Minors

D (a2) Interviews

D (b) Human tissues E (c) Neither

SUMMARY OF WORK (Use slanOard unreOucea type Do not etceea the space proviOed

)

The envelope protein from the human immunodeficiency virus (gpl20) has been shovkoi to

produce neurotoxicitv in both cell cultures derived from the rodent CNS and in the brain of

rodents . Administration of purified gpl20 to developing rats produced delays in

developmental milestones, particularly those involved in motor behavior. Widespread

cerebral cortical neurodystrophy was apparent in neonates treated with gpl20. These effects

were produced by systemic administration of the gpl20. To test for the biodistribution of

gpl20 after subcutaneous admirustration, highly purified envelope protein was radiolabeled.

Fragments of gpl20 were recovered in the brains of one-day-old rats given the labeled gpl20

systemicaUy. OrJy trace amovmts of intact gpl20 could be recovered in the brain. The

labeled fragments of gpl20 that were recovered in brain homogenates were foimd to exhibit

neuronal toxicity in dissociated cerebral cortical cultures obtained from rats. The toxicity

associated with the gpl20 fragments were potently and completely prevented by co-treatment

with peptide T in the culture assay. TTius, these data indicate that intact gpl20 is not

necessary to produce neurotoxicity and that low molecular fragments of gpl20 may play an

important role in the etiology of neuro-AIDS. Furthermore, these data further establish that

peptide T can prevent not only toxicity produced by gpl20, but also that caused by gpl20

fragments. The labeled gpl20 was also found to be unstable. Upon storage at zero degrees,

significant deterioration of labeled gpl20 was observed vdthin one month. Intact gpl20 was

recovered in culture medium after a 3-day exposure to cerebral cortical cultures.

Deglycosylated gpl20 was found to produce neurotoxicity, albeit at lower potency than that

observed with the native glycosylated form.

PHS 6040 (Rev 1/84) C^O tt 1 4.0 1
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DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

Z01 HD 00710-04 LDN

PERIOD COVERED

Drtnbpr 1. 1991 to September 30, 1992
TITLE OF PROJECT (80 characters or less Title rrtust lit on one Une between ttte borders )

Moleni^^^ OiarartPriTatinn nf niiitamafp RpTpptor Expression in Brain
PRINCIPAL INVESTIGATOR (List other proless/onal personnel below the Principal Investigator) (Name, title, laboratory, and mstittae atliliation)

PI: A. Buonanno

Others: V. GaUo
William Hayes
Kathy Partin

Mark Mayer

Head

Visiting Scientist

IRTA FeUow
NRC Fellow

Chief

LDN,NICHD

LCMN,NICHD
LDN,NICHD
LCMN,NICHD
LCMN,NICHD

COOPERATING UNITS (it any)

G.R. Stewart, Lab. of Clinical Sciences, NIMH

IA.BIBR
l!ai6oratory of Developmental Nevirobiology

SECTION , , , , ^ , , . -

Unit on Molecular Neiirobiology

INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892

TOTAL MAN-YEARS.

1.5
PROFESSIONAL

1.5
OTHER

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects

D (a1) Minors

D (a2) Interviews

D (b) Human tissues E (c) Neither

SUMMARY OF WORK (Use standard unreduced type Do not eMCeed ttie space provided )

Glutamate receptors (GIuRs) have been implicated in simple forms of learning and memory and are the

site of action of several psychoactive drugs. GluRs have been broadly classified in the non-NMDA and

isJMDA subtypes. Molecular cloning of non-NMDA GluR cDNAs has revealed a large family of related

receptor subunits that can be classified into distinct groups by their sequence similarity and binding

preferences for either AMPA (GluRs 1-4) or kainate (GluRs 5-7 and KAR 1,2). Alternative splicing and

RNA editing add further complexity to the different receptor isoforms that can be generated from a single

GluR gene, resulting in the assembly of receptors that exhibit marked differences in ion-selectivity and

desensitization properties. Previously, we reported on the cloning of a novel GluR 4 transcript that results

from the differential RNA processing of sequences coding for an alternate C-terminus; we designated this

isoform GluR-4c. We observed on Northern blots containing cerebellar RNA, that auR-4 oligonucleotide

probes corresponding to the N-terminal extracellular domain of the receptor hybridized to bands of 6.2,

4.2, and 3.0 kb. However, probes derived from sequences corresponding to the middle or C-terminal end

of the protein hybridized exclusively to the larger bands. We have now obtained cDNAs corresponding

to the short 3.0 kb transcript; they have been called GluR-4s. DNA sequencing of these cDNAs revealed

that the 3.0 kb mRNAs are derived from GluR-4 nascent transcripts by differential splicing, and that they

code for a protein that is identical to GluR-4c for most of the N-terminal region, but diverge and terminate

to yield a truncated polypeptide. In conti^st to the other GluR-4 isoforms, which are expressed in neurons

and glia, GluR-4s transcripts are predominantly expressed in cerebellar granule neurons. In collaboratior

with Dr. Mayer's laboratory, we have begim to identify the non-NMDA GluR isoforms expressed by

dorsal root ganglia (DRG) and determine the nwlecular components underiying the heterogeneity of DRG

responses to glutamate analogs. The effects of denervation on GluR expression have also been studied.

PHS 6O40 (Rev 1/M) CPO 01 4>»1l





DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

Z01 HD 00711-03 LDN

PERIOD COVERED

October 1, 1991 to September 30, 1992
TITLE OF PROJECT (BO characters or less Title must tit on one line between the borders )

TransrripHonal Rpgiilatinn of Skeletal Musrlp-Spprifir fjenps by Elpctriral Activity
;iPAL INVEStlGATOR (List ofher prolessional personrtel below tl>e Principal Inyestigator ) (Name, title, laboratory, and institute alPRINCIPAL INVESTIGATOR (List 01

PI:

Others:

' prolessional personnel below the Principal Investigator ) (Name, title, laboratory, ar>d institute affiliation)

A. Buonaimo Head LDN,NICHD

S. Basu

G. Gibney

T. Hong
L. Anglister

R. Beers

IRTA
NRC
Visitiitg Fellow

Courtesy

Biologist

LDN,NICHD
LDN,NICHD
LDN,NICHD
LDN,NICHD
LDN,NICHD

COOPERATING UNITS (if any)

Dr. Hans Breiuier (Uruversity of Basel, Svdtzerland); Dr. Eric Olson (MD Anderson, University

of Texas)

LAB/BRAICH
l^oratory of Developmental Nevirobiology

SECTH
iJnit on Molecular Neurobiology

INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20982

TOTAL MAN-YEARS.

3.5
PROFESSIONAL

3.5
OTHER

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects

D (al) Minors

D (a2) Interviews

D (b) Human tissues B (c) Neither

SUMMARY OF WORK (Use standard unreduced type Do not exceed the space provided )

Skeletal muscle phenotype is dramatically influenced by the type of motoneuron innervation it receives.

The pattern and frequency of nerve-elicited electrical activity modifies the distribution of receptors on tiie

myotube surface and the contractile prof)erties of the myofiber by regulating gene transcription . We
previously demonstrated that the MvoD family of transcription factors regulate the expression of genes

coding for nicotinic acetylcholine receptor (nAChR) subimits and contractile proteins during muscle

differentiation, and that they may account for the down regulation of receptor genes during muscle

innervation. Using in situ hybridization, we found that tiie levels of nAChR and myogenic factor

transcripts were low throughout the innervated myofibril, and that the myogenic factor mRNAs were not

co-localized with receptor RNAs at synaptic nuclei. Two days after denervation, all these transcripts

accumulated in the myofibril nuclei. In addition, we found that the levels of myogenin protein are higher

in nuclei isolated from denervated muscle than innervated muscle, consistent with the idea that the

myogenic factors mediate the up-regulation of receptor genes after denervation. Next, we investigated tiie

effects of different stimulation frequencies on the expression of the myogenic factors. Northern blot

analysis of RNA isolated from muscle that was either denervated, or denervated and stimulated vnth

extracellular elecfrodes, showed tiiat the MyoD family of factors is down-regulated by defX)larization

frequencies typical of fast- or slow-twitch muscle. In contrast, expression of the genes coding for troponin

I isoforms, which are proteins involved in conferring the fast and slow contractile properties to muscle,

was selectively up>-reg;ulated only by the corresponding type of stimulus frequency; denervation dovm-
regulated their expression. These results suggest that the MyoD family does not determine fiber-type

spedfidty and that different factors regulate these propierties. We have begun to characterize the

regiilatory sequences of the myogenin and Tnl,,,^ gene to identify the elements that either confer

repression or activation of franscription in response to innervation. We found in fransgenic mice that 3.7

kb of myogenin gene upsfream sequences impart muscle-specific transcription to a CAT reporter gene and
partial responses to denervation.

PHS 6040 (Rev 1/84) GPO •t4.«l«





DEPARTMENT OF HEALTH AND HUMAN SERVICES • PUBUC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

Z01 HD 00712-01 LDN

'R^gfiKfion of Phenotypic Differentiation in the Developing Mammalian CNSPERKDI

TITLE
'Scf^l'r'T '(9^'^'r$^gfi!^ei^^^,im:

the bOftiars.)

PRINCIPAL INVESTIGATOR (List ottte' professional personnel below the Principal Investigator ] (Name, title, laboratory, ana institute •

PI: D. Agoston Head LDN,NICHD

Others:

iiiOtij

A. Orosz

E. Santha

C. Palkovits

Visiting Fellow

Visiting Associate

Lab Tech.

LDN,N1CHD
LDN,NICHD
LDN,NICHD
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SUMMARY Of WORK (Use standard unreduced type Do not exceed tfte space prxxaded)

Developmental-specific regulation of transmitter phenotypic genes was studied during neuronal

differentiation. Developing primary cell culture systems and transgene animals were employed

as model systems. Spontaneous neuronal activity was shovm to be the key epigenetical factor

inducing the expression of enkephalin and VIP genes. Tetrodotoxin blocks the expression of

these genes in a reversible and developmental specific maimer. Neuronal activity is mediated

through NMDA receptors and also by voltage-gated calcium channels converging on a yet

unknown intracellular calcium-dependent pathway. Experiments with cycloheximide showed
that the activity-dependent expression of the enkephalin gene requires intact protein

biosynthesis, indicating the need for de novo synthesis of activity-dependent frans-factors.

Transfecting the enkephalin hybrid gene in primary developing spinal cord neurons showed that

activity-dependent, embryonic-type of expression is conferred to the far 5' upstream regulatory

region, distinct from the -190 bp region required for governing adult-type of expression. Both

the constitutive and induced expression jof the transcription factor c-fos was shown to be

developmentaUy regulated shovm\g declining sensitivity to soluble factors and increasing

sensitivity to neuronal activity, which peaks during the "critical period". The mouse VIP

chromosomal gene was isolated, characterized and transgene experiments demonstrated that the

correct tissue specific expression of the VIP gene requires the intactness of at least 12 kb of 5'

upstream regulatory elements. Stereotactic injection of tetrodotoxin fully mimicked the effects

of septohippocampal axotomy showing temporal up-regulation of galanin expression in septal

cholinergic neurons. Nuclear translocation of the classical a- and the novel ^protein kinase C
isoenzymes, rather than the classical cAMP induction was identified as intracellular signaling

following subnanomolar VIP stimulation of cortical astrocytes.
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The temporal and spatial expression of pro-opiomelanocortin (POMC), thyrotropin
releasing hormone ( TRH ) , pro-enkepha 1 in and lutenizinq hormone releasing hormone
(LHRH) in the Xenopus frog brain were studied using in situ hybridization
histochemistry . The first embryonic POMC and TRH cells were shown to be highly
clustered in the neural tribe before the appearance of brain nuclei, and these
cells go on to form the adult-like pattern , suggesting that these neuropeptide
phenotypes , widely distributed in adult, in fact arise by local induction or local
proliferation followed by neuronal migration . The Xenopus LHRH cDNA was cloned and
the expression of LHRH mRNA during develor«nent was studied. Unlike in mammals,
this gene was suppressed during early development and not expressed until the late
larval period . Three approaches were used to determine how these neuropeptide
systems arise in the Xenopus brain during development. One was to use retinoic
acid (RA) which deletes anterior to posterior forebrain regions in a dose dependent
manner, to localize neuropeptide precursors. POMC cells were eliminated at 5x10'^

m RA . providing evidence that the onset of POMC gene expression reguires the
presence of or interaction with anterior neural plate cells . At 10"^ m RA . TRH
expression was greatly enlarged in a giant hindbrain . suggesting that in early
embrvogenesis . an RA-like molecule may specify the posterior CNS . Another approach
was to use surgical techniques to precisely define the embryonic location of POMC
precursor cells. The third was to use embryonic cell marking with the fluorescent
dye, Dil to identify clonal relationships and neural migration.
In order to study the role of the POMC gene products during development, homologous
recombination technology was used to delete the POMC gene . Using a targeting
vector which has the neo gene inserted into the coding region , the POMC gene has

been disrupted in mouse embryonic derived stem cells . Work is in progress to

produce a germ line carrying the disrupted POMC gene.
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The Laboratory has continued to make highly significant progress in elucidating the molecular

mechanisms responsible for the differentiation of germ cells in vertebrates, for establishing

totipotency in the fertilized egg and for the subsequent differentiation of distinct cell lineages

during early vertebrate development. The molecular basis of cellular determination during

embryogenesis is a central problem of cell biology. The establishment and maintenance of stable

differentiated states is essential to the development of an organism. When such controls break

down, the cell may revert to a totipotent state leading in turn to malignancy.

The differentiated cell contains constellations of active and inactive genes. Our research has

contributed to the understanding of how both of these states are established and coexist in the

eukaryotic nucleus. During gametogenesis and embryogenesis active chromatin can become

repressed, and repressed chromatin activated reversibly. The reconstruction and experimental

manipulation of these events demonstrate the interplay between chromosomal structure and

specific transcription factors in controlling differential gene expression during vertebrate

development.

Developmental Regulation of Differential Gene Expression

Chromosomal structure and function

The Laboratory has been efficient in elucidating mechanisms by which trans-acting factors gain

access to cis-acting elements inspite of the compaction of DNA in the chromosome. Newly

replicated DNA has been shown to be rapidly complexed with histone proteins, yet to still allow

specific regulatory proteins to gain access to their cognate sites. We have discovered that

modification of the histone proteins, together with the staged assembly of nucleosomes and of

the chromatin fibre are important for facilitating access to the genetic material while the

chromosome is immature. Once associated with DNA, the regulatory molecules remain in place

and the chromosome matures around them.

Although replication events provide one mechanism that will facilitate de novo gene activation

many genes are induced in the absence of replication. We have found that the modification of

the histone proteins present in pre-existing repressive chromatin structures can allow regulatory

molecules to recognize DNA. Similar modifications of histones, in particular acetylation of the

core histone tails are associated with newly replicated chromatin, and may represent a general

mechanism for 'opening-up' chromatin structure.

The precise organization of regulatory DNA elements into chromatin structures is important for

both DNA replication and transcription in vivo . However the mechanisms determining the

positioning of structural proteins such as histones relative to particular cis-acting elements and

the consequences for the association of sequence specific DNA binding proteins are presently



ill defined. The Laboratory has made substantial progress in understanding these issues through

the analysis of model nucleosomal structures including the Xenopus 5S RNA genes and the

interaction of the transcription factor TFIIIA with these histone-DNA complexes.

All eukaryotic genes require several proteins known as transcription factors to become associated

with their promoter elements before they can be recognized by RNA polymerase. Transcription

factors fall into several structural classes with respect to protein domains that recognize DNA.
Transcription factor TFIQA contains nine zinc finger domains. The Laboratory, in collaboration

with Dr. T.D. TuUius, Johns Hopkins University, has analyzed the interaction of TFIHA with

a Xenopus 5S RNA gene in molecular detail, determining exact contacts made by the protein

on each DNA strand. Through the use of mutant forms of TFIHA, the precise interaction of

individual zinc finger domains with the 5S RNA gene has been determined.

The Laboratory has determined that structural features in DNA (periodic modulations in minor

groove width) spanning the dyad axis of the nucleosome determine the position of histone DNA
contacts in nucleosomes containing the 5S RNA gene. Mutation of this nucleosome positioning

element leads to movement of the core histones along the DNA helix. We have found that the

determinants of TFIIL^ binding to unmodified histone-DNA complexes lie in protein-DNA

interactions over one turn of the double helix (+81 - +91) at the 3' end of the 5S RNA gene.

If this region is in contact with either a full octamer of histones (H2A/H2B/H3/H4)2 or a

tetramer of histones (H3/H4)2, TFIIIA cannot bind to the gene. However if it is exposed,

TFIIIA can bind. Remarkably, acetylation of the core histone tails allows TFIIIA to bind to a

5S RNA gene independent of pre-existing histone-DNA contacts.

The core histone tails are highly conserved through evolution and are very basic. They are not

part of the globular histone core of the nucleosome around which DNA is wrapped, instead they

lie on the outside of the nucleosome where they bind to DNA. Acetylation of lysine residues

in the core histone tails releases these domains from contact with DNA. This leads to a change

in the organization of DNA within the nucleosome. It is possible that such conformational

changes facilitate TFIIIA access to DNA in the nucleosome, however it is also possible that

TFIIIA binding might be assisted by direct contacts of the protein itself with the acetylated

histone tails.

The Laboratory has established that the presence of specialized linker histones in chromatin can

influence the transcription of specific genes. The linker histones are involved in the higher order

organization of chromatin beyond the nucleosome, however the exact interaction of the linker

histones with DNA leading to the folding of nucleosomal arrays into the chromatin fibre is

unknown. We have now defined histone-DNA contacts including linker-histones in reconstituted

nucleosomes including a Xenopus 5S RNA gene. We have shown that linker histones HI and

H5 preferentially associate with DNA wrapped around an octamer of histones rather than with

immature structures such as the histone tetramer, and with histone-DNA complexes rather than

with naked DNA. Nucleosomal structures containing extended flanking DNA are favored for

linker histone binding over nucleosomal core particles. Inclusion of linker histones into the

nucleosome does not lead to significant alterations in the structure of nucleosomal DNA.



Incorporation of linker histones into single nucleosomes is a major step towards reconstituting

a chromatin fibre, and in understanding the influence of chromatin folding on nuclear processes

through the sequestration of DNA. However it also possible to fold nucleosomal arrays in the

absence of linker histones by varying cation concentration in solution. In collaboration with Dr.

Jeffrey Hansen, University of Texas, we have investigated the effect of chromatin folding in the

absence of linker histones on transcription, Nucleosomes were assembled onto either closed

circular plasmids containing a single Xenopus 5S RNA gene or onto a linear tandemly repeated

array of Lytechinus 5S RNA genes. Chromatin folding led to a significant inhibition of both

transcription initiation and elongation by RNA polymerase III. Thus, the transcription repression

observed after incorporation of genes into chromatin depends not only on occlusion of the

promoter elements through direct contact with histones, but also on the compaction of

nucleosomal arrays which occurs under the conditions of the transcription reaction.

The Laboratory has investigated the role of the protein RCCl (regulator of ghromosome

£ondensation 1) in replication and cell cycle coordination. In a number of organisms it has been

demonstrated that the loss of RCCl function divorces tiie nuclear cell cycle from the cell

division cycle, causing premature chromosome condensation and cell death. Using RCCl-

immunodepleted Xenopus egg extracts, Mary Dasso has examined the association of RCCl with

nuclei assembled from Xenopus sperm chromatin and its subsequent role in restoring the ability

of sperm chromatin to replicate. Dasso has found that there is approximately one molecule of

RCCl per nucleosome in the sperm nuclei which suggests that RCCl is involved in the assembly

of chromatin structures necessary to initiate the replication process.

Developmental regulation of RNA polymerase II - dependent transcription in Xenopus

Experimental investigation using Xenopus laevis oocytes, eggs and somatic cells has yielded

many insights into the regulation of vertebrate development at the molecular level. The large

oocytes and eggs of Xenopus store many of the macromolecules required for the rapid cell

proliferation and differentiation that occur during early embryogenesis. Many class II genes are

only actively transcribed in Xenopus oocytes and are relatively inactive or repressed in somatic

cells. Such genes include those encoding heat shock protein 70 (hsp70), transcription factor

niA, c-myc, and transcription factor FRG Y2. The molecular mechanisms responsible for the

selective inactivation of these genes in somatic cells remain unknown. Progress towards

understanding the regulation of Xenopus class II genes during the developmental transitions from

oocyte to egg, and to somatic cells has been hindered by the lack of characterized in vitro

transcription extracts. The Laboratory has now successfully developed methods for the

preparation of extracts of Xenopus oocytes, eggs and somatic cells that will transcribe class n
genes accurately and efficiently.

The regulation of several Xenopus promoters offers important insights and models for eukaryotic

gene expression in general. We have established conditions in vitro that recapitulate the

developmental and heat-induced regulation of the Xenopus hsp70 promoter. Transcription

directed by the hsp70 promoter is more active in oocyte than in somatic cell extracts, and is

much more active under heat shock conditions (34 °C) than at the normal physiological

temperature for Xenopus (26°C). The molecular mechanisms underlying this differential

expression are being characterized.



During development the type of linker histone expressed in the embryo changes, therefore linker

histone gene promoters offer a useful model system for dissecting the molecular mechanisms

responsible for differential transcription in oocytes, eggs and somatic cells. We have isolated

genomic clones of the Xenopus laevis histone Hl° promoter and have identified regulatory

elements mediating the transcriptional regulation of the histone Hl° gene. Expression of the

histone Hl° gene is associated with the terminal differentiation of many cell types. During

Xenopus development histone HI" mRNA is present in the oocyte and egg, but remains at low

levels during embryogenesis until hatching. After this time mRNA levels accumulate

dramatically correlating with the differentiation of many tissue types eg. liver and skin.

Accumulation of histone Hl° mRNA can be induced at earlier developmental stages by treating

embryos with sodium butyrate. This reagent inhibits histone deacetylation so that modified

nucleosomes might accumulate over the regulatory elements of the histone Hl° promoter

facilitating transcriptional activation. Experiments to investigate this possibility have been

initiated by delineation of the regulatory elements and protein-nucleic acid interactions required

for efficient transcription of the histone HI ° gene promoter. A novel enhancer element and two

previously defined histone gene regulatory elements, the histone HI box and the H4TF2 site,

appear to have novel roles in determining differentiation specific histone Hl° gene expression.

The vitellogenin (egg-yolk) genes of Xenopus provide an attractive model system for

investigating the molecular mechanisms responsible for the induction of transcription by the

hormone estrogen. In collaboration with Dr. W. Wahli, University de Lausanne, the Laboratory

has found a role for nucleosome formation in potentiating estrogen regulated gene expression

from the Xenopus vitellogenin Bl promoter in vitro . The formation of a static loop dependent

on a positioned nucleosome brings the estrogen receptor binding site (an estrogen inducible

enhancer) into close juxtaposition to the basal transcription elements. This juxtaposition

mediated by histone proteins allows the estrogen receptor to facilitate the initiation of

transcription by RNA polymerase II.

Although many genes are reversibly repressed and activated during early embryogenesis during

the process of cell determination, events of comparable developmental interest occur during

metamorphosis when larval tissues are remodelled into those of the adult animal. Yun-Bo Shi

has investigated the molecular mechanisms controlling this critical developmental process.

During metamorphosis the simple herbivorous tadpole gastrointestinal tract is reorganized into

the complex gut of the adult carnivorous frog with stomach, small and large intestine. This

remarkable change, which involves selective cell death and proliferation is entirely controlled

by thyroid hormone (TH). Over 20 genes have been isolated that respond to TH in the tadpole

gastrointestinal tract, characterization of these genes and their products is the first step towards

understanding how tissue restructuring is accomplished.

The Y-box transcription factors of E. coli. Xenopus and mouse

The Y-box proteins are the most evolutionarity conserved nucleic-acid binding proteins described

at this time. In earlier work the Laboratory defined a seventy amino acid domain contained

within the E. coli cold shock protein CS 7.4 and the eukaryotic Y-box proteins as a nucleic acid

binding motif.



We have examined the role of the E. coli cold shock protein CS 7.4 in the cold shock response

of E. coli . When E. coli is transferred from 37°C to 10°C growth stops, the cold shock protein

CS 7.4 is induced very early in the response, followed by the induction of other proteins leading

after a 5 hour lag period to the resumption of growth. Many of the proteins whose synthesis

is induced following cold shock are involved in DNA metabolism. In collaboration with Dr.

Pamela Jones LMG/NICHD and Dr. Regis Krah LMB/NIDDK, we have identified the A subunit

of DNA gyrase as a cold shock protein. DNA gyrase modulates the supercoiling of DNA in R
coli . On transfer from 37°C to 10°C, synthesis of the A subunit declines, however after a lag

period of 2-3 hours, synthesis of the A subunit increases relative to that of total protein. We
have found that the duration of the lag period in synthesis and the synthetic rate of the A subunit

appear dependent on the synthesis of the rapidly induced major cold shock protein CS 7.4. The

promoter of the gyrA gene contains specific binding sites for the CS 7.4 protein (the core of the

Y-box, ATTGG), suggesting that CS 7.4 acts at the transcriptional level to facilitate continued

A subunit synthesis. As synthesis of the B subunit of DNA gyrase is also sustained during cold

shock, we suggest that an increase in the amount ofDNA gyrase might have a role in adaptation

to growth at reduced temperatures (10°C).

The Laboratory has previously characterized a Y-box protein from Xenopus . FRO Y2, as a

transcription factor involved in the synthesis of maternal mRNA in Xenopus oocytes. We have

found that FRO Y2 also interacts with RNA, and that it is identical to a protein, mRNP4, that

sequesters (masks) maternal mRNA in the oocyte. It is of considerable interest that a

transcription factor should interact with both DNA and RNA. Precedents for this phenomenon

already exist in Xenopus oogenesis, for example transcription factor TFIIIA binds specifically

both to 5S RNA and to 5S RNA genes. Like FRG Y2, TFIIIA accumulates early in Xenopus

oogenesis and then declines in abundance through later oogenesis and embryogenesis. The high

concentrations of TFIIIA in immature oocytes have been suggested as a possible explanation for

the high rates of transcription of oocyte selective 5S RNA genes. We suggest that FRG Y2
might have a comparable role in oocyte selective class II gene expression. The sequestration

of TFIIIA by the product of oocyte selective transcriptional activity, 5S RNA also offers an

explanation for reduced rates of 5S RNA gene transcription later in oogenesis. It is possible that

a comparable sequestration of FRG Y2 by mRNA could account for reduced rates of mRNA
accumulation later in oogenesis.

A role for Y-box proteins in translational control and RNA storage is also suggested by

experiments on the events of mammalian spermatogenesis. The developmental program late in

spermatogenesis is under translational control since the genome is compacted into a repressed

chromatin state before differentiation is complete. We have found that a murine Y-box protein,

MSY-1, is a component of ribonucleoprotein particles that mask mRNA from translation. These

particles appear identical to those of Xenopus oocytes. Thus there appears to be utilization of

a common molecular mechanism to regulate mRNA translation in amphibian oocytes and

mammalian spermatocytes. It will be important to uncover the molecular mechanisms

responsible for the selective release of mRNA from storage particles to the polysomes.



Collaborative Projects

The Laboratory has provided chromatin and transcription methodologies to numerous

laboratories. Where direct interests overlap we have welcomed collaboration. We have

continued to investigate the organization and stability of histone-DNA interactions in the

nucleosome with Johns Hopkins University. We have defined histone-DNA contacts at high

ionic strength and temperature, and studied the influence of nucleosomal modifications on the

stability of the particle.

In collaboration with the National Cancer Institute we have demonstrated that HMG 17 competes

with histones H2A/H2B for incorporation into chromatin following replication, thereby

potentiating the access of transcription factors to nascent chromatin.

The organization and transcription of Alu repetitive elements in chromatin has been examined

in collaboration with the LMGR/NICHD. DNA methylation has been found to influence

histone-DNA contacts.

Crystallization studies on the Y-box proteins continue in collaboration with The Hebrew

University of Jerusalem.
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Our work is focussed on the molecular mechanisms responsible for establishing and maintaining
stable states of gene expression during vertebrate embryogenesis. Progress has been achieved in

three key areas:

1. We have further defined the interaction of transcription factors and linker histones with
model nucleosomal structures including 5S ribosomal RNA genes. These results demonstrate that

post-translational modifications of core histones can facilitate transcription factor association and
impede the correct association of linker histone. Nucleosomes are dynamic structures that can
respond to external cues.

2. We have established RNA polymerase n transcription extracts from Xenopus oocytes, eggs
and somatic cells. These have been used to examine: a) the developmental regulation of gene
normally expressed only in gametes, eg. hsp70, FRG Y2, TFIHA or only in differentiated somatic
cells, eg histone Hl°; b) the influence of chromatin structure on tissue specific gene expression.
Developmentally regulated transcription factors have been identified and nucleosome assembly
found to have a positive role in the control by the sex-hormone estrogen of vitellogenin gene
transcription.

3. Germ cell selective variants of the Y-box transcription factors have been found to store

mRNA in Xenopus oocytes and mammalian spermatocytes. These are the first proteins 'masking'
mRNA to have been characterized at the molecular level.
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Advances in all areas of molecular genetics continue at a rapid pace, changing our view of

the molecular, genetic and cellular basis of biological regulation in development, during

normal physiological adaptation, and in disease. In the Laboratory of Molecular Genetics

a number of different biological model systems are being studied with respect to several

aspects of the regulation of gene expression, the function of various proteins, and the genetic

control of embryonic development. The systems and experimental approaches have varied,

but were always related by the general concepts of genetics and the application of the tools

of molecular biology. The research of the Laboratory is carried out in nine distinct groups,

each headed by an indepedent investigator.

An area of particular interest in the Laboratory is the nature of signals received by

cells from their changing environment and the mechanisms by which cells respond to these

signals. Such signals can be of many kinds, and the responses can vary through a wide range

of cellular reactions. A relatively simple type of environmental change is the increase or

decrease in the availability of a nutrient or a whole set of nutrients. AH cells have to be

able to adapt to such changes to some extent if they are to survive in any but the most

optimal environments. While such changes appear simple at the siuiace, cellular responses

to them are quite complex, as will be discussed below. Environmental cues whose meaning

is not as obvious as lack of a nutrient are common in cellular biology; most cells are

influenced by such cues during much of their life span. These signals are transmitted by a

variety of chemical entities, from simple ions through hormones and growth factors to the

components of the extracellular matrix which, in many cases, affects cellular behavior

beyond simply providing a physical substratum. Members of this Laboratory have studied

the nature of responses to environmental cues in several distinct systems, from the

mechanisms of the reaction of bacterial and yeast cells to their nutritional state to the

developmental consequences of growth factor action in vertebrate embryos.

The response of yeast cells to the availabiUty of amino acids in the medium is a

prime model system for studying cellular reactions to the environment. As elucidated by

Alan Hinnebusch and his colleagues, this response mechanism runs the gamut of the major

molecular pathways in the cell including transcriptional and translational regulation and

protein modification. In yeast, the absence of any one amino acid from the medium leads

to the activation of synthesis of an entire set of different enzymes that encode biosynthetic

enzymes for a whole range of amino acids; this response is called general control. The key

regulatory molecule in this pathway is GCN4, a transcriptional regulator that controls the

activity of a series of genes in the amino acid biosynthetic pathway, and also in some
additional pathways as mentioned below. The GCN4 gene is continuously transcribed,

irrespective of the nutritional state of the cell; however, GCN4 protein is only produced
during amino acid starvation. This response is achieved by translational control of GCN4
synthesis. In the unusually long 5'-untranslated region of the GCN4 mRNA, four very short

upstream open reading frames (uORFs) are found which mediate this regulation. Generally,

uORFS inhibit translation because ribosomes cannot reinitiate shortly after termination.



As Hinnebusch and colleagues have shown, GCN4 mRNA achieves regulation by the

interrelationship of the uORFs and the main, GCN4 initiation codon. The first uORF in

GCN4 mRNA allows ribosomes to resume scanning after it has been translated; when the

general efficiency of the translational machinery is high, as happens in "well fed" cells, these

ribosomes wall reinitiate at uORFs 2-4. By the general inhibition of reinitiation these

ribosomes are then prevented from initiating at the GCN4 ORF, leading to low translational

efficiency for GCN4 under conditions of nutritional sufficiency. During starvation, initiation

still occurs at uORF 1, and ribosomes resume scaiming, but because of reduced efficiency

of translation, no reinitiation occurs on the downstream uORFs (numbers 2-4). However,

by the time these scanning ribosomes have reached the main ORF of the CjCN4 coding

region, some of them have reaquired the capacity for initiation, and as a result GCN4
protein is produced in substantial quantities. Transcriptional up-regulation of amino acid

biosynthetic pathways follows.

Leading up to the choke-point of general control, regulation of GrCN4 mRNA
translation, is a hierarchy of genes whose action is required to achieve the described effects.

Two kinds of genes have been identified; mutants in GCD genes are constitutively

derepressed, i.e., GCN4 is always produced, and GCN mutants are always repressed, i.e.,

GCN4 is always off and cannot be activated by starvation. The past year has seen major

advances in our understanding of the function of several of these genes in the hierarchy and,

at the same time, illuminated many aspects of the mechanisms of protein synthesis in yeast.

Several proteins encoded by GCD and GCN genes were shown by Hinnebusch and

his colleagues to participate in a high molecular weight complex that is the yeast equivalent

of the previously known mammalian factor named eIF-2B. This factor has an indirect

though critically important role in the initiation of translation. Initiation factor eIF-2 is

directly involved in initiation of polypetide synthesis by forming ternary complexes with the

initiating Met-tRNA; it can do so only when bound to GTP, but is inactive when bound to

GDP. The complex named eIF-2B acts as a recycling factor that converts eIF-2 from the

GDP to the GTP form, restoring its activity. It is known in mammalian cells, and was

shown in this Laboratory in yeast, that phosphorylation of the a -subunit of eIF-2 regulates

its recycling by eIF-2B in such a way that the phosphorylated form inhibits recycling.

The connection of this complex biochemistry with GCN4 regulation is, at least,

twofold. First, the yeast equivalent of eIF-2B contains the products of several genes that

are known, from genetics, to affect GCN4 regulation. Thus it may be suggested that GCN4
regulation goes through a modulation of the efficiency of the eIF-2/eIF-2B interactions.

Second, Hinnebusch and colleagues found that GCN2, one of the genes in the general

control hierarchy, encodes a kinase that phosphorylates the a -subunit of eIF-2. As described

above, this inhibits recycling of eIF-2 by eIF-2B, and thus reduces general translational

efficiency. This reduced efficiency in turn prevents scanning ribosomes that have akeady

translated uORF 1 of the GCN4 mRNA fi-om reinitiating on uORFs 2-4 and consequentiy

enables them to reinitiate on the GCN4 ORF. Derepression of amino acid biosynthesis

ensues. It is of interest that mammalian protein synthesis is regulated in response to various

influences by phosphorylation of eIF-2a ; the kinase that carries out this step was shown to

be able to complement gcn2 mutations in yeast.

How does the GCN2 kinase know when to phosphorylate eIF-2a? An exciting

observation in the Hinnebusch lab suggests an answer. The GCN2 protein has two

distinguishable domains: a kinase domain, and a domain with substantial sequence homology



to histidyl-tRNA synthetase. Aminoacyl-tRNA synthetases are, of course, capable of

recognizing tRNAs and of distinguishing charged from uncharged tRNAs. It is therefore

possible that GCN2, through its aminoacyl-tRNA synthetase-hke domain, can sense the

concentration of uncharged tRNAs in the cell. If this is correct - and it is hypothetical at

this point - it would provide a mechanisms by which amino acid concentration, as expressed

in the ratio of charged to uncharged tRNA, could be sensed directly by the GCN2 molecule,

regulating its kinase activity and connecting nutritional state to GCN4 regulation.

These results provide a rather extensive view of the mechanisms underlying general

control. Yet the story is not complete at this time. In addition to the need to expand our

understanding of the primary sensing mechanism, it is clear that gene products in addition

to those ah-eady weU understood are involved in the system. Their analysis is proceeding

at this time. Furthermore, the Hinnebusch lab has shown recently that GCN4 is involved

in more than the regulation of just amino acid biosynthesis, but not in all responses to

nutritional state. En2ymes concerned with the production of purines are regulated by

nutritional limitation through the GCN4 pathway. In contrast, the biosynthesis of ribosomal

proteins, while sensitive to nutritional state, is unaffected by mutations in the various genes

of the general control hierarchy, implying the existence of a separate control loop.

Altogether, the studies by Alan Hinnebusch and his group have led to a broad

understanding of the way in which an eukaryotic cell regulates its metaboUsm in response

to the environment. In the process, major insights into the mechanism of protein synthesis

and transcriptional regulation have been obtained, with wide implications to all of biology.

Much like yeast cells, bacteria must respond to nutritional state in adjusting their

metabolism. Michael Cashel has studied the mechanism of this response in E. coli. While

both types of cells react to nutritional state, substantial differences can be seen between

bacteria and the eukaryotic yeast cell. These differences are manyfold, but two major points

stand out. The first is that bacteria channel much of their regulatory response through the

action of a small molecule that acts as master regulator. Actually it is two related

derivatives of GTP, ppGpp and pppGpp, that have this regulatory role; these molecules have

been the object of extensive study in Cashel's laboratory. No similar type of low molecular

weight regulatory molecule has been found in eukaryotic cells, although one might argue

that certain hormones that exert transcriptional effects are, at least conceptually, similar.

The second difference Ues in transcriptional regulation. While prokaryotic and eukarytic

cells utilize RNA polymerase and certain recognition motifs inDNA to initiate transcription,

much of the regulation in bacteria is executed by the polymerase itself whereas eukaryotic

cells employ a variety of accessory factors to activate or repress expression. Thus,

transcriptional regulation in general control in yeast is mediated by a transcription activator,

GCN4. Transcriptional responses to the environment in E. coli is mediated by (p)ppGpp

and by RNA polymerase itself, as shown by the work of Cashel and his colleagues.

Leading up to the experiments that implicate RNA polymerase in regulation were

studies by Cashel on the enzymes that synthesize and degrade (p)ppGpp. Once these

enzyme and their genes were well understood it was possible to adjust the level of (p)ppGpp

in the cell at will, and to select mutants that suppress the effects of (p)ppGpp deficiency.

Such mutants proved to be in three genes encoding subunits of RNA polymerase. Of

particular interest are those mutants that affect sigma-70, a polymerase subunit that

mediates promoter recognition. Further, different sigma subunits can associate with the core

polymerase, giving the holo-enzyme modified properties. Therefore, the sigma subunit has



some properties reminiscent of the accessory transcription factors that modulate the activity

of RNA polymerase in eukaryotic cells. While the role of (p)ppGpp in regulating RNA
polymerase activity and ultimately cellular responses is not yet fully imderstood, the recent

findings provide strong evidence for the long held but elusive hypothesis that (p)ppGpp

interacts directly with the transcriptional machinery.

Cells located within a multicellular organism are generally less subject to fluctuations

in nutritional state than single celled organisms, but their need to respond to the

environment is at least as great. The environment, of course, is a different one, it is created

to a very large extent by other cells. Thus, when discussing responses to the environment

in the cells of an animal we generally deal with cell-cell interactions. Such interactions are

critical for many aspects of growth and differentiation, and are particularly important during

embryogenesis of all animals. Cell interactions, or induction, in amphibian embryos and the

molecular consequences of such interactions, have been the subject of studies by Igor Dawid

and his colleagues. The specification of mesodermal tissues and the establishment of the

dorsoventral and the anteroposterior axes in the embryo depend critically on induction

events during the first 12 hours of development in Xenopus. Studies in several laboratories,

including this one, have established that members of several growth factor families are

important in mediating induction in the frog embryo, and very likely in other vertebrate

embryos as well. The action of fibroblast growth factor (FGF), activin (a member of the

TGF-6 family of factors), and Wnt proteins are implicated in the induction of mesoderm

and in the establishment of the dorsovegetal axis of the early embryo. At the begirming of

gastrulation, dorsal development is initiated by the formation of the dorsal blastopore lip

and the migration of the mesoderm. This region of the embryo is known as the Spemann

organizer because of its ability to organize a complete embryonic axis, with a head and

trunk, from otherwise unspecified cells. The mechanism by which inducing factors generate

dorsal tissues and organize the embryo has been studied by looking for molecular responses

to the inducer. One of the earliest responses proved to be the activation of regulatory

genes, in particular of genes encoding transcription factors of the homeobox class and of

other classes. Dawid's group has studied the homeobox gene Xlim-1 which is activated by

the inducer activin and which is expressed at the early gastrula stage specifically in the

organizer region. These features make it likely that Xlim-1 is involved in the specification

of the dorsal axis of the amphibian embryo. Studies aimed at the functions of this gene

during gastrulation and at later stages, where it is expressed in the CNS, are currently

underway.

The theme of transcription factor control of developmental processes has been

exploited by other groups in the Laboratory as well. Tom Sargent and his colleagues have

been interested in the basis for the tissue-specific expression of a series of genes in the

embryonic ectoderm leading to the differentiation of the epidermis. A keratin gene,

XK81A1, has been used as a marker because of its high tissue specificity and early

activation in the ectoderm. Sargent and colleagues have shown that the transcription factor

XAP-2 binds to a region upstream of the XK81A1 gene; this region is required for regulated

expression of the keratin gene. However, XAP-2 and its binding site alone are not sufficient

to regulate expression of the keratin gene. Qearly, other factors, as yet undetermined, must

cooperate with XAP-2 in the activation of ectodermal gene expressioiL

XAP-2 itself is a marker gene for epidermal gene expression in early embryogenesis.

At slightly later stages it is also expressed in the neural crest, a group of cells that are



derived from the ectoderm. In spite of this derivation, however, neural crest cells are

capable of differentiating into a bewildering variety of cell types; it is as if the embryo,

having established all manner of cell types in early development, starts all over again at a

later stage by providing a new source of differentiating cells. While much is known about

the migration and differentiation potential of neural crest cells, little molecular

characterization of these events has been done. The expression of the regulatory gene XAP-
2 in this tissue may provide an entry into molecular studies with neural crest, and such

studies are being initiated.

The motif of transcriptional regulation has also been pursued in Drosophila

melanogaster by Jim Kennison. This organism has provided outstanding opportunities for

the study of the molecular genetics of development because of the highly developed genetic

tools that could be combined with those of molecular biology. Keimison reasoned that

mutational analysis would not likely discover genes that encode proteins with broad

functions in transcription because mutations may be lethal or have imdistinct phenotypes.

However, if these proteins were to interact with gene products that lead to homeotic

phenotypes, a mutational approach might be successful. The idea was based on the known

facts that many homeotic genes, i.e., genes which determine the body pattern and tissue

differentiation in the fly, encode transcription factors. Thus, Kennison searched for genes

that interact with homeotic mutations, i.e., for suppressors or enhancers of such mutants.

He isolated twelve new genes in this way. The best characterized of these genes is brahma;

it encodes a protein that shares significant homology with a recently identified yeast

transcriptional regulatory protein called SNF2 or SWI2. In yeast, SNF2 is not a

transcriptional activator by itself but appears to mediate the activation of a group of genes

by other, more gene-specific factors. A similar situation appears to exist in Drosophila: the

brahma protein has the properties one expects of a mediator of transcriptional regulation,

rather than of a regulator per se.

One of the major questions in transcriptional regulation today concerns proteins that

mediate the interaction of specific regulatory proteins, like enhancer-binding proteins, with

the basic machinery, i.e., RNA polymerase and basic accessory factors like IhllD. The

brahma protein may be such a mediator. Genetic analysis of a similar kind that led to the

brahma gene, i.e., the search for interacting loci, may lead to other mediators of

transcriptional control. Preliminary data from Kermison's work suggest that one interacting

locus he has identified may encode one of the subunits of TFTID. There is some reason to

believe that this genetic approach will complement in a valuable way the biochemical

analysis of this class of transcription factors that is going on in other laboratories.

Transcriptional regulation is most often studied at the point of initiation; yet,

termination is also a regulated event and can greatly affect the level of gene expression.

This is particularly well studied in bacteriophage X and its relatives. In the life cycle of

these phages, the ability of polymerase to progress through termination signals in what is

called antitermination, is a critical step. In A. itself, antitermination requires both phage

encoded functions and host proteins in addition to polymerase in a rather complex

mechanism. It comes as something of a surprise, therefore, to leam fi-om the studies of

Robert Weisberg and his colleagues that in the lambdoid phage HK022 antitermination

appears to be much simpler. Weisberg could show clearly that no phage encoded function

is required for antitermination in this case. Demonstration of the lack of involvement of

any host function is more complicated as long as the entire assay is carried out inside the



bacterial cell. Two approaches were taken to circumvent this problem. First,

antitermination was assayed in vitro in a system where purified RNA polymerase was used

to carry out transcription fi-om a HK022 promoter and proximal sequences. In such a

system, polymerase read through a strong terminator with 50% efficiency. A second

approach used genetics. Host mutants were isolated for their inability to antiterminate

HK022 initiated transcripts. All of the 14 independently isolated mutations change amino

acids near the amino terminus of the 6' subunit of host RNA polymerase. This result

suggest strongly that the polymerase is the only bacterid product involved in

antitermination. This conclusion was supported by the finding that polymerase isolated from

a mutant strain was less efficient in read through in the in vitro assay. The conclusion from

these studies is that RNA polymerase without any accessory factors can sense sequences

proximal to the promoter to attain the ability to read through otherwise efficient

terminators.

Transcriptional control is a very important part of cellular regulation and it is a major

focus of the research in this Laboratory. Yet, other metabolic events have great influence

on the dynamics of the cell and its physiological and developmental responses. Indeed,

general control in yeast which was discussed at the begiiming of this summary, involves

several stages of regulation, notably translational control. A very different form of

translational control is found in the life cycle of retroviruses. The RNA of these viruses

encodes its gag and pol genes on a single mRNA; polymerase can only be translated by

circumventing the stop codon that separates its coding region from the gag region. In

MuLV, as studied by Judith Levin and her colleagues, polymerase is synthesized as a result

of readthrough suppression of the stop codon between gag and pol. With the aid of both

in vivo and vitro studies, Levin and colleagues could show that the signal for suppression is

contained entirely within a 57 nucleotide stretch on the 3' side of the UAG termination

codon. Mutagenesis experiments have identified two distinct elements that are required for

suppression: a highly conserved, eight-nucleotide, purine-rich sequence immediately

downstream of the UAG codon, followed by a pseudoknot structure spanning the next 49

nucleotides. The latter element is structural rather than sequence dependent. Mutations

that disrupt the structure inhibit suppression, but compensatory mutations that restore the

structure with a different sequence restore suppression. Thus, a factor or factors in the

translational machinery must be capable of recognizing this pseudoknot struture in the

mRNA.
Between its synthesis and its translation in the cytoplasm, RNA undergoes a series

of complex processes that are not fully understood. These include polyadenylation and

splicing (for most RNAs), and transport to the cytoplasm. During these processes RNA is

always complexed with proteins and organized into RNP particles. The role of the various

RNP proteins in RNA processing is incompletely understood. The class of hnRNP proteins,

so called because they complex heterogeneous nuclear RNA, includes several ubiquitously

expressed members that have been called core hnRNP proteins; they have been studied

extensively by molecular methods in vertebrate animals. Susan Haynes and her colleagues

have approached the question of core hnRNP protein function from a somewhat different

direction by studying this class of proteins in Drosophila. While molecular approaches are

obviously being applied, the primary aim is to make use of genetic tools in an analysis of

the function of these ubiquitous proteins in the whole living organism. Haynes initiated this

analysis by isolating and characterizing three genes encoding hnRNP proteins from



Drosophila, named Hrb98DE, Hrb87F and Rb97D according to their location on the

chromosome map. These genes are closely similar to each other and are quite similar to

vertebrate core hnRNP proteins genes. The first mutant in a core hnRNP protein gene that

was obtained affects Hrb87F. This mutation is leaky, due to the insertion of a P element

in the 5' imtranslated region of the gene which allows a low level of expression. Such

mutant flies are viable and fertile. By inducing P element excision, Haynes was able to

obtain a mutant in which the entire HrbSJF coding region is deleted. Homozygotes of this

null mutation are, surprisingly, viable, but males are largely, though not completely, sterile.

The surprising result of the viability of flies that make no HrbSTF protein at all must

be considered in the context of other recent studies where genes for presumably very

important proteins have been deleted, by standard genetic means in flies or by knock-out

experiments in mice. It has been surprising that mice can Uve, for example, without c-fos,

a protein that has been studied extensively because of its apparent involvement in the

regulation of many cellular processes. On some reflection on these rapidly accimiulating

examples it appears likely that the proteins and genes that had been studied so well and

considered so important are not irrelevant just because their inactivation is not a lethal

event. Most hkely, many of these functions are redundant: other, related genes can take

over the function of the mutated gene, although in the normal animal the related genes

probably have slightly distinct functions, accounting for their evolutionary preservation. Such

incomplete redundancy is suggested by the work of Haynes: Hrb87F null mutants that

contain one copy, instead of the normal two copies ofHrb98DE, are completely male sterile.

Cooperation and partial redundancy between the two core hnRNP proteins is thus imphed.

While the hnRNP protein genes are expressed in all tissues and developmental stages, their

particular importance in spermatogenesis is further emphasized by the fact that a mutation

in Rb97D is also viable but male sterile. In this case, male sterility is complete without any

additional interacting mutation.

These experiments are significant in several ways. They open the way to a genetic

study of core hnRNP proteins, and they suggest that these proteins are expecially important

in spermatogenesis. Furthermore, these results form a basis for a detailed structure-function

study of core hnRNP proteins. Having different mutants including null mutations in hand,

it is possible to introduce wild type or modified hnRNP protein coding regions into the fly.

Since the introduced genes can be modified at will in vitro, such experiments will allow a

study of the role of different domains of these proteins in the whole animal.

A study of structure-function relationships in a protein of particular interest is the

focus of the research carried out by Robert Crouch and his colleagues. Crouch has

concentrated on RNase H, a group of ubiquitously distributed enzymes that have the abihty

to degrade the RNA strand in a RNA/DNA duplex, but do not degrade RNA by itself or

DNA in any form. RNases H are involved in several cellular processes including the

selection of the origin of replication. A particularly interesting aspect of these enzymes is

their association with reverse transcriptase of retroviruses and their importance in the

retroviral life cycle.

Crouch and his colleagues have studied the E. coli RNase H and have generated

mutants in this organisms. These mutants allow a complementation test for the isolation

of RNase H genes fi"om other organisms. This approach has already been successful in

generating clones for yeast RNase H, and the resulting protein is being studied in some
detail. The complementation assay is being used at present to attempt the isolation of



animal RNase H genes, none of which has so far been reported. At present, promising

preliminary results have been obtained that may lead to the cloning of a gene for RNase
H from Drosophila. In a collaboration with Judith Levin the retroviral RNase H is being

studied. MuLV RNase H sequences can complement RNase H mutants in E. coli, allowing

a study of its function in the bacterial cell.
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termination efficiency, and enhanced sensitivity to (p)ppGpp. Sequenced suppressor
mutations in rpoD . encoding the sigma-70 subunit responsible for promoter
recognition by RNA polymerase , have been found in region 3 which contains a
putative helix-turn-helix sequence whose function was previously unknown.
Stationary phase-specific gene expression activated by a second sigma-like protein
called "sigma-s" was also discovered as (p)ppGpp- dependent in vivo.

Genetic evidence obtained this year may explain the ability of spoT to encode
both (p)ppGppase and (p)ppGpp synthesis: the two activities are associated with
different polypeptides arising from alternative translational start sites. Also,
the identity of the first gene in the spo operon was discovered to be 5'GMP kinase
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terminus of the P' subunit of host RNA polymerase. In vitro transcription studies
with purified enzyme revealed that wild type polymerase read through a strong tran
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PL-proximal HK022 sequence that is required for antitermination in vivo. Read-
through was much less efficient when we used polymerase with a mutant fi' subunit or

a template without the promoter-proximal sequence. We speculate that interaction
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within or near the HK022 early promoters effects antitermination.
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the original sites. This mutation changes Asn^^ of A Int to Asp, the corresponding
HK022 residue. We have developed new recombination substrates that will facilitate
isolation of such specificity mutants, and should allow us to determine the iden-
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The aim of this project is to examine the involvement of certain ribonucleases in
cellular events. The scope of this project has evolved to include protein
chemistry, enzymatic activity, overproduction of proteins and the consequences of
changes in the level of enzymatic activity within the cell. The basis for most of
the experimental approaches is derived from an enzymological perspective. The
ability to examine a particular event in great detail from primary amino acid
sequence of a protein to the consequences of alteration of the level of enzymatic
activity within the cell has given us the opportunity to study both the
enzymological and functional roles of these intriguing enzymes . A second area of
interest is mutagenesis in E. coli.
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The goal of this project is to define the molecular mechanisms involved in the
replication of mammalian retroviruses and in particular, to understand the factors
which influence the regulated expression of viral genetic information. Studies are
being carried out on the functional relationship between the polymerase and RNase H
domains of reverse transcriptase (RT) . A chimeric RT having the murine leukemia
virus (MuLV) polymerase domain fused to E. coli RNase H has been expressed and
purified and its RNase H and polymerase activities compared to those of wild-tj'pe

RT. In the absence of polymerization, the chimeric protein behaves like E. coli
RNase H. When there is limited extension of the primer (i.e., addition of 3 dNTPs
and 1 ddNTP) , we find that with wild- type RT, the RNA is shortened by the same
number of bases as the DNA is extended. This result indicates that cleavage by
.RNase H is normally linked to DNA synthesis. With the chimeric RT, there is little
or no effect of dNTPs on RNA cleavage, suggesting that this enzyme is deficient in
polymerization. Indeed, direct measurement of polymerase activity shows that
unlike wild- type, the chimeric RT makes small products with either an RNA or DNA
template. These results indicate that despite the fact that the chimeric RT has a

wild- type polymerase region, it is unable to synthesize DNA in a process ive manner.
Future efforts will include analysis of the RNase H and poljraierase activities of
other mutant RTs . In other work, translational control of viral gene expression is

being investigated by studying readthrough suppression of the UAG codon at the MuLV
gag-pol junction. We have now identified the readthrough signal and find that it

is entirely contained within the first 57 nucleotides on the 3' side of the UAG
codon. The signal is complex and consists of two distinct elements: a highly
conserved, eight-nucleotide, purine-rich sequence immediately downstream of the UAG
codon, followed by a pseudoknot structure spanning the next 49 nucleotides.
Studies to determine how the signal affects translation of a transcript containing
GAG instead of UAG at the gag-pol junction will be performed.
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SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

The elaboration of the body pattern in vertebrate animals depends on cell
interactions, named embryonic induction, that determine many aspects of the
regulation of gene expression in development. The earliest known cell interaction
in, mesoderm induction, has been studied extensively in the frog Xenopus laevis.
During the past several years this and other laboratories have shown that peptide
growth factors of the TGF-^, FGF and Wnt families are involved in this induction.
A major molecular consequence of the action of induction factors on responsive
tissue is the activation of regulatory genes. During the past year this laboratory
has studied one such gene named Xlim-1. Xlim-1 belongs to a subclass of homeobox
genes where the homeobox is associated with two copies of a characteristic cystein
rich motif. The Xlim-1 gene is activated in late blastula by the action of
activin, the TGF-)9 homolog known to be a major mesoderm inducing factor. The gene
is also activated by retinoic acid, a modifier of development that does not induce
mesoderm, but not by FGF, an inducer of ventral mesoderm. During gastrulation the
Xlim-1 gene is specifically expressed in the dorsal mesoderm, also known as the
Spemann organizer. This region is important for the induction of the nervous
system and the determination of the body pattern of the entire embryo. The Xlim-1
gene appears to be involved in the molecular execution of this pattern forming
potential.

A distinct project aims to analyze the role of RNA-binding proteins in
Xenopus development. Members of a class of such proteins that contain a conserved
domain called the RNA recognition motif, were cloned by a PCR based approach. Two
subclasses of proteins were identified in this way in Xenopus: the core hnRNP
proteins, exemplified by the Al protein (studied by another laboratory) and the A2
and A3 proteins being studied here, and a new subclass that contains a nervous --

system- specific protein named nrp-1 and an ubiquitously distributed protein named
xrp-1. Expression systems have been established for these proteins that are the
basis for current experiments on their intracellular distribution.
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GCN4 is a transcriptional activator of amino acid biosynthetic genes in £.
cerevisiae that is regulated translationally by short open reading frames (uORFs)
in the GCN4 mRNA leader. Ribosomes must translate uORFl, resume scanning and bypass
the start codons at uORFs 2-4 in order to translate GCN4. This occurs during amino
acid starvation because reinitiation of translation is inefficient under these
conditions. The GCDl, GGD2 , GCD6 , and GCD7 proteins are required for translational
repression of GCN4 and have general functions in translation initiation. They are
components of a complex that stably interacts with a portion of the initiation
factor 2 (eIF-2) in yeast cells. This complex is the yeast equivalent of initiation
factor eIF-2B which catalyzes GDP-GTP exchange on eIF-2. eIF-2B activity is down-
regulated in mammalian cells by phosphorylation of the a subunit of eIF-2. We have
demonstrated that the protein kinase GCN2 stimulates translation of GCN4 in starved
yeast cells by phosphorylation of eIF-2a. This is expected to inhibit eIF-2B
function and reduce the levels of eIF-2 activity in the cell, allowing ribosomes
scanning downstream from uORFl to skip over uORFs 2-4 and reinitiate at GGN4
instead. Two mammalian eIF-2a kinases, DAI and HGR, substitute for GCN2 and stimu-
late GCN4 translation in yeast cells. Thus, the regulation of GCN4 expression is a
gene -specific example of translational control by phosphorylation of eIF-2. We have
found that purine starvation activates GCN2 kinase function and that this response
is required for wild- type levels of purine biosynthesis under starvation condi-
tions , indicating that the GCN4 regulatory mechanism is more global than was
previously imagined. Ribosomal protein (rp) genes are transcriptionally repressed
under amino acid starvation conditions and this repression requires the binding
site for the regulatory protein RAPl in the rp promoter. Mutations in RAPl and in
several chromosomal genes have been identified that alter the regulation of rp gene
expression in response to growth rate and amino acid levels. These results provide
in vivo evidence for the involvement of RAPl in controlling rp gene transcription
and identify new components of this signal transduction mechanism.
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SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

Genes involved in the determination of segmental identity in Drosophila
melanogaster have been identified on the basis of genetic interactions with
homeotic mutations, mutations already known to affect the process. Mutations in
previously- identified homeotic genes have been recovered, as well as mutations in
new homeotic genes. Several of the new homeotic genes are being characterized in
more detail. The kismet gene, a post- transcriptional regulator of the Antennapedia
gene, spans >70 kb of genomic DNA and encodes a family of transcripts (between 8

and 17 kb in length) from at least two alternative promoters. These transcripts
appear to encode a family of novel nuclear proteins with a common 200 kD carboxyl-
domain.

The brahma gene encodes a nuclear protein that is conserved from yeast to man. The
brahma protein is involved in transcriptional activation of multiple homeotic
genes, and the sequence similarity to nucleotide -dependent helicases suggests a
role in altering chromatin structure. Isolation of mutations that interact with
brahma has identified four homeodomain- encoding genes and three known
transcriptional regulators . One of the known transcriptional regulators has been
shown to map within 20 kb of a cloned Drosophila TFIID subunit (or TAF) . This
suggests that brahma may have a role in mediating interactions between gene-
specific enhancer -binding proteins and the basal transcriptional machinery,
possibly by affecting chromatin structure.
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SUMMARY OF WORK (Use standard unreduced type. Do not exceed tfie space provided.)

The aim of this project is to identify and characterize factors that regulate gene
expression in vertebrate embryos as an approach to understanding the mechanisms
that control early development. The primary model system is an epidermal keratin
gene, XK81A1, expressed in the amphibian (Xenopus laevis) embryo. The upstream
cis- regulatory region of this gene has been mapped by introducing mutated DNA
constructs into frog embryos. Within this regulatory domain, we have identified a
high-affinity binding site for the Xenopus homolog of a mammalian transcription
factor, AP-2 (XAP-2). We have cloned XAP-2, and shown that binding of this factor
to the XKSlAl regulatory region is necessary for efficient expression of
microinjected DNA. We have also demonstrated that XAP-2 RNA and protein are
located in both epidermal and neural crest cells in early development. The XAP-2
target gene, keratin XKBlAl, is only active in epidermis; this and other data
suggest that additional factors must cooperate with and modulate the function of
XAP-2 in the early embryo. We are attempting to identify these factors.

In addition to XKBlAl, we are studying the regulation of two other ectoderm-
specific genes; XAP-2 and Xenopus Distal-less 2 (XDll-2). The latter, a Xenopus
homolog of a Drosophila homeobox gene, was cloned by M. Jamrich' s laboratory at
FDA, with whom we are collaborating. XDll-2 is expressed specifically in embryonic
and adult epidermis, in both frog and mouse. We have isolated Xenopus genomic
clones for both genes, and we are in the process of carrying out regulatory mapping
experiments similar to those performed with XKSlAl.
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SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

Nucleic acid binding proteins are of major importance in biology since they include
many of the factors that regulate gene expression and developmental processes. One
major class of such factors are constituted by the family of zinc finger proteins,
defined by conserved structural motifs which require zinc ions for appropriate
folding into active forms. The aim of this project has been the genetic and
molecular analysis of human genes encoding zinc finger proteins. A major focus of
study has been an analysis of the number of zinc finger proteins that are encoded
in the human genome, and the issue of how these genes are distributed on the
chromosomes. These questions have been addressed specifically with regard to the
C2H2 family of zinc finger proteins in the following way. Over 200 genomic clones
have been isolated; of these, over 90 clones have been sorted into 25 genes by
crosshybridization, partial sequencing, and PCR amplification. Further, these loci
have been mapped onto the human chromosome complement by nonradioactive in situ
hybridization techniques. The results show that zinc finger genes are distributed
on many chromosomes but are especially abundant on chromosome 19. By extrapolation
to additional clones obtained in this and in other laboratories it can be estimated
that the human genome contains at least one hundred, and probably several hundred,
genes for zinc finger proteins of the C2H2 class. These results illustrate the
high complexity of the regulatory hierarchies that involve nucleic acid binding
proteins in the regulation of gene activity.
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The Hrb genes, Hrb98DE and Hrb87F . encode Drosophila homologs of the

vertebrate A/B group hnRNP proteins, a major class of nuclear proteins that bind to

premessenger RNA. Biochemical studies of the vertebrate proteins have indicated

that they may be involved in the regulation of splicing as well as in packaging

nascent transcripts into ribonucleoprotein (hnRNP) complexes. The aim of our work

is to use the genetic and molecular techniques available in Drosophila to analyze

the functions of this class of proteins in the whole organism.

A small deletion that removes the entire coding region of the Hrb87F gene has

been generated. Mutant flies that completely lack the Hrb87F gene are fully viable,

and the females are fertile, but the males are almost completely sterile. The lack

of an effect on viability is unexpected, since Hrb87F transcripts are present

throughout development, and the protein is probably a component of hnRNP complexes

in most if not all cells. This result implies that other proteins may be able to

compensate for the lack of the Hrb87F protein in somatic cells and in the female

germ line. In the male germ line, however, such compensation either does not occur

or is inadequate. Genetic experiments indicate that the Hrb98DE gene interacts with

HrbSTF, and is also likely to be required for male fertility.

The Drosophila Rb97D gene was identified based on its extensive sequence

homology to the Hrb genes. Based on this homology, it is likely to be an RNA
binding protein. Two protein isoforms that differ by six amino acids are produced

by alternative splicing of Rb97D transcripts. Rb97D transcripts are expressed at

moderate levels during early larval and pupal stages, and at low levels during the

rest of development. Genetic analysis demonstrates that mutations in this gene also

lead to male sterility. The involvement of these three related RNA binding
proteins, Hrb87F . Hrb98DE . and Rb97D . in male fertility suggests that such proteins

must have crucial roles in spermatogenesis. Experiments are in progress to

determine whether these proteins are required for the processing or stability of

some or all RNA transcripts in the testes.
]
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Laboratory of Mammalian Genes and Development

Annual Report, October 1, 1991 to September 30, 1992

Heiner Westphal, M.D.

The Laboratory was founded in 1989. It consists of three independent research groups. The Section

on Transgene Regulation is headed by myself, the Unit on Molecular Embryology is directed by

Gregory R. Dressier, Ph.D., and the Unit on Developmental Gene Regulation is led by Kathleen A.

Mahon, Ph.D. At the beginning of 1992, the research and the animal facilities of the Laboratory

have been combined in the new building 6B.

The Laboratory studies mammalian genes that contribute to the control of embryonic development

or are involved in specific diseases. Mouse models are being generated that allow us to study the

consequences of over-expression, mutation or ablation of specific exogenous or endogenous genes.

Current research topics include oncogenesis, T-cell development, Gaucher disease, and regulation

of brain and kidney development.

Section on Transgene Regulation

We have come to accept that malignant growth results from a breakdown of euplasia brought about

by a sequence of genetic events that affect the action of both tumor promoting and tumor

suppressing genes. Yet, we know little about the nature of cells that start this process of growth

deregulation in any given malignancy, nor have we been able to determine how different cells in a

given tissue respond to a common oncogenic challenge. Over the years, this Section has assembled

a model system of tumor initiation in the animal that is designed to answer questions that are vital

for understanding in vivo carcinogenesis. We study the initiation of malignant growth by targeting

oncogene products to the differentiating embryonic eye lens of transgenic mice. During the past

year, we have succeeded in establishing convincing evidence that the accumulation of oncogene

products expressed from the same genetic locus in cells sharing identical developmental cues, yet

distinguished by their respective states of differentiation, can result in malignant diseases that differ

markedly in progression and severity. This finding puts into the limelight the state of

differentiation, or the specific blend of regulators of growth control, that is challenged by the

oncogene products in the cell that is to become the seed of cancer.

Our recent experiments have allowed us to observe the initial stages of lens tumor formation in mice

that inherit a dormant oncogene from one transgenic parent and its activator from the other. The

qT oncogene directs the tumor antigens of the DNA virus SV40 specifically to the developing

embryonic lens. In its dormant form, an inserted STOP sequence prevents the formation of a

functional messenger RNA. STOP contains cues recognized by the site-specific bacterial DNA
recombinase CRE that is encoded by the activator transgene. In the double transgenic mouse, CRE
recognizes and removes STOP, thereby activating the aT oncogene. The process is very efficient and

occurs as soon as a threshold level of recombinase has accumulated to carry out the oncogene

activation. We have been able to select the site and the timing of the reaction by targeting CRE
accumulation to distinct stages of lens development. Precise control of STOP excision from qT was

made possible by a careful choice of promoters abutting the CRE gene in the activator transgene

construct. We find that the qT lens tumor progresses the more rapidly the earlier during lens

development CRE does its work. This suggests that the rate of tumor progression in the embryonic

lens is inversely proportional to the stage of lens differentiation attained when the oncogene products

accumulate. Our study strongly supports a long held hypothesis whereby negative cues of cell cycle

control that set in as lens tissue approaches terminal differentiation, cannot entirely be overridden



by malignant transformation, and are thus able to influence the time course of malignant growth.

The significance of this finding will ultimately be measured by the degree to which it pertains to

naturally occurring tumors in man.

Our interest in the molecular genetics of aberrant growth in the mammalian organism has prompted
us to contribute to the study of cell functions that are involved in the control of tissue differentiation

and may become targets of oncogene action. We joined the laboratory of Dr. P.S. Steeg (LP, DCBDC,
NCI) in an effort to understand the natural role of the "non-metastatic" nm23 gene. Steeg and her

colleagues have associated nm23 with certain non-metastatic human tumors and currently probe its

utility as a general marker of metastatic potential. We have begun to characterize nm23 function in

the mouse by establishing patterns of expression during embryonic development and in the adult

animal. The gene product accumulates to high levels in a wide variety of epithelial structures prior

to the terminal phase of differentiation, and may play a role in organizing the epithelial cytoskeleton.

We expect to learn much more about this gene by measuring the effects of precocious nm23
expression in specific target tissues, and of gene ablation in the intact animal.

In another experiment, carried out in collaboration with the laboratory of Dr. A. Singer (EIB,

E>CBDC, NCI), we investigate the role of the T-cell antigen receptor zeta chain in thymocyte
development. Toward this goal, we have begun to study gain or loss of zeta function in the intact

animal. Over-expression of zeta leads to arrest of thymocyte development and results in preferential

loss of T-cell receptor expressing thymocytes. We also have generated embryonic stem cells that

carry null mutations of the zeta gene, and we presently transfer these mutations into the mouse
germline in an effort to measure the effects of zeta ablation on thymocyte development and function.

Finally, our ongoing collaboration with the laboratories of Dr. E.I. Ginns (CNB, NIMH) and Dr. R.

Mulligan (Whitehead Institute, MIT, Cambridge, MA) has resulted in generating a mouse strain that

carries a null mutation of the gene encoding glucocerebrosidase (GC). GC is defective in patients

with Gaucher disease, a lipid storage disorder that is very prevalent in certain ethnic populations.

Mice homozygous for the GC mutation die within 24 hours after birth. Lysosomal lipid deposits in

macrophages of these mice resemble those found in human patients. The Gaucher mouse will be

invaluable for the exploration of novel avenues of therapy, including enzyme replacement, cellular

transplantation and gene transfer.

Unit on Molecular Embryology

The Unit of Molecular Embryology studies the genetic basis of cellular differentiation and pattern

formation during the development of mammalian organisms. Of particular interest are transcription

factors that activate cell-type specific genes and thus function as master regulators in determining

cell fate. Many of the potential regulatory proteins in mammals, such as the homeodomain proteins,

the octamer binding proteins, and the paired-domain proteins (Pax), are encoded by multi-gene

families and have been conserved throughout evolution among divergent species. Of the murine Pax

genes, at least three correspond to known developmental mutations, including the mouse undulated,

the mouse small eye and human aniridia, and the mouse splotch and human Wardenburg syndrome.

It has become increasingly clear that the Pax genes are key regulators of morphogenetic processes

during embryogenesis.

The mammalian kidney is used as a model system to analyze the function of the Pax-2 gene. Pax-2

is expressed in the developing kidney epithelium immediately after induction of the kidney

mesenchyme, but is precisely down regulated upon terminal differentiation of the renal tubular



epithelium derived from the mesenchyme. Using antisense oligonucleotides designed to inhibit Pax-2

protein synthesis. Dr. Dressier and his co-workers demonstrated that Pax-2 is required for the

conversion of mesenchyme to epithelium in kidney cultures. However, if Pax-2 expression is not

repressed after formation of the epithelium, kidney development does not proceed normally. In

transgenic mice that continue to express Pax-2, severe renal abnormalities are observed, including

immature glomerular epithelium that is functionally compromised and resembles congenital nephrotic

syndrome. The transgenic mice with deregulated Pax-2 expression die shortly after birth due to

renal failure. Blood nitrogen values are more than twice the control levels and serum potassium

levels are cardiotoxic. In order to produce transgenic lines that can be propagated, a genetic

transgene activation strategy is being used. The first lines of mice will contain a Pax-2 transgene

with a silencer element, flanked by two recombinase recognition sites, between the promoter and the

coding sequence. Upon mating to a second line of transgenic mice that express the CRE
recombinase, the silencer element is excised and the transgene is activated. Thus, several

independent lines of Pax-2 deregulated mice can be bred and affected offspring can be generated

by subsequent matings. This strategy will be invaluable for examining the development of affected

organs at various stages of embryogenesis.

How the Pax-2 gene is repressed during normal kidney development has been under investigation

after high levels of Pax-2 expression in human Wilms' tumor, a kidney tumor of embryonic origin,

was observed. It has since been demonstrated that the human Wilms' tumor suppressor gene, WTl,

can bind Pax-2 promoter sequences and inhibit transcription. Using antibodies specific for WTl and

Pax-2, a detailed immunohistochemical analysis revealed that WTl expression increased to maximum

levels precisely in the proximal part of the developing renal tubules where Pax-2 was being shut

down. Thus, Pax-2 expression in Wilms' tumor may be a direct result of mutations or deletions in

WTl and a major contributing factor for oncogenesis. Presently, other types of renal tumors are

being analyzed for Pax-2 expression to determine if reactivation of Pax-2 in adults may be a

causative factor of oncogenic transformation.

The analysis of target genes for DNA binding transcription factors has proved to be extremely

difficult. A high affinity binding site was identified by immunoprecipitation of Pax-2/DNA

complexes from native chromatin. This chromatin was derived from embryonic kidneys and thus

any protein/DNA complexes should represent in vivo binding to a potential target locus. The

efficiency of Pax-2 binding to this newly isolated target sequence was significantly greater than any

previously known binding sites. The genomic locus is now being searched for genes in the vicinity

of the Pax-2 binding sequence. Additional lines of investigation include the analysis of Pax-2

function during neural differentiation. As with many developmental transcription factors, multiple

tissues can utilize the gene for similar, or even unrelated, processes. Pax-2 is expressed during the

migration of commissural neurons from the neural epithelium into the lateral regions of the spinal

cord. Experiments with mouse mutants lacking a notochord and floor plate indicate that Pax-2

expressing cells are influenced by signal eliminating from the floor plate and notochord. Studies

in the mammalian nervous system may help decipher molecular mechanisms common the polarization

of kidney cells and of newly differentiated neurons.

Unit on Developmental Gene Regulation

The major focus of the Unit on Developmental Gene Regulation is on the identification of genes that

control early determinative events in the mammalian embryo. Of primary importance among these

are the establishment of the embryonic body plan and the commitment of undifferentiated embryonic



cells to specific developmental pathways. Two independent experimental approaches have been
utilized to investigate the molecular basis of these processes.

The first approach is based on the premise that developmentally important genes are strongly

conserved among animal species. Prime examples of such conservation are the homeobox genes,

originally identified as members of a regulatory gene network controlling pattern formation in

Drosophila. These genes encode transcription factors that are believed to play fundamental roles in

embryonic patterning in many animal species. The expression pattern of the majority of known
murine homeobox genes suggests a function in specifying regional identity along the developing

vertebrate axis, particularly in the central nervous system (CNS). Members of the Antennapedia-like

(Hox) homeobox gene family are expressed in specific regions of the CNS, each with a distinct rostral

boundary in the neural tube or hindbrain. The murine engrailed-like genes, En-1 and En-2, have

expression domains that extend into the midbrain. Using conserved homeobox specific probes and

polymerase chain reaction (PCR) based techniques, Dr. Mahon's group has cloned new homeobox
genes that are divergent in sequence from previously described vertebrate homeobox genes. In the

process, a new homeobox gene family in the mouse that has homology to the Distal-less gene of

Drosophila has been identified. Members of the murine Distal-less, or Dlx, gene family have more
anterior expression domains than previously described vertebrate homeobox genes. Dlx-1 and -2 are

expressed in largely overlapping regions of the developing ventral forebrain. The discrete Dlx

expression domains in the telencephalon and diencephalon suggest that the forebrain is divided into

developmental "segments" or "compartments" as has been found in the hindbrain. The Dlx genes were

the first genes identified whose expression in the CNS is exclusively restricted to the forebrain, and

accordingly may provide missing positional information not provided by previously described

homeobox genes.

In addition, Dlx genes are differentially expressed in the branchial arches, derivatives of cranial

neural crest that give rise to structural components in the face and thorax. Recently, other workers

have provided evidence from gene "knockout" experiments that homeobox gene activity is essential

for proper patterning of the arches and their derivatives. Whereas Dlx-2 is expressed in all four

arches, Dlx-3 is only expressed in the first two. Expression domains of the Dlx genes in the arches

are rostral to the domains of Hox gene expression, suggesting that the Dlx genes participate with the

Hox genes in specifying positional identity in these regions.

Of particular interest to the group are homeobox genes that are expressed in early mouse
development, and accordingly may play a role in early determinative events in embryogenesis.

Through a specific screen for such genes, a new homeobox gene, prd-like, has been isolated that is

expressed very early in the prospective cephalic neural plate. Prd-like transcripts ultimately become
restricted to Rathke's pouch, the primordium of the anterior and intermediate lobes of the pituitary.

The laboratory plans to investigate the role of this gene in early development as well as in the

determination of the pituitary.

Another novel homeobox gene, mNK-2, was also isolated in the laboratory during the screen for

early expressed genes. This gene is specifically expressed in the ventral portion of newly formed

somites. Expression is never detected in the dorsal region which gives rise to the dermomyotome,
and is extinguished from the entire somite as soon as overt cellular differentiation begins. These

results suggest that mNK-2 functions early in the development of the somite to specify distinct

somatic cell lineages.

In a second approach, gene trapping has been used to identify and clone novel genes expressed in

early development for which there is no existing molecular tag. In this technique, )9-galactosidase



(LacZ) reporter constructs lacking regulatory sequences necessary for expression are introduced into

embryonic stem (ES) cells. Expression of LacZ is only detectable if the construct has integrated into

an active gene such that it can utilize its cis-acting regulatory sequences. Developmental patterns

of LacZ expression are determined in differentiating cell cultures and in chimeras produced from

these pluripotent ES cells. A number of cell lines have been obtained that differentially express the

LacZ reporter construct in chimeric mice. The interrupted gene in a line that shows restricted

expression in developing limb buds and heart musculature, has been partially cloned using an inserted

LacZ marker sequence. Breeding of chimeric mice derived from this cell line may lead to the

generation of mouse mutants of this locus.
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The Laboratory was founded in 1989. It consists of three independent research groups. The Section

on Transgene Regulation is headed by myself, the Unit on Molecular Embryology is directed by

Gregory R. Dressier, Ph.D., and the Unit on Developmental Gene Regulation is led by Kathleen A.

Mahon, Ph.D. At the beginning of 1992, the research and the animal facilities of the Laboratory

have been combined in the new building 6B.

The Laboratory studies mammalian genes that contribute to the control of embryonic development

or are involved in specific diseases. Mouse models are being generated that allow us to study the

consequences of over-expression, mutation or ablation of specific exogenous or endogenous genes.

Current research topics include oncogenesis, T-cell development, Gaucher disease, and regulation

of brain and kidney development.

Section on Transgene Regulation

We have come to accept that malignant growth results from a breakdown of euplasia brought about

by a sequence of genetic events that affect the action of both tumor promoting and tumor

suppressing genes. Yet, we know little about the nature of cells that start this process of growth

deregulation in any given malignancy, nor have we been able to determine how different cells in a

given tissue respond to a common oncogenic challenge. Over the years, this Section has assembled

a model system of tumor initiation in the animal that is designed to answer questions that are vital

for understanding in vivo carcinogenesis. We study the initiation of malignant growth by targeting

oncogene products to the differentiating embryonic eye lens of transgenic mice. During the past

year, we have succeeded in establishing convincing evidence that the accumulation of oncogene

products expressed from the same genetic locus in cells sharing identical developmental cues, yet

distinguished by their respective states of differentiation, can result in malignant diseases that differ

markedly in progression and severity. This finding puts into the limelight the state of

differentiation, or the specific blend of regulators of growth control, that is challenged by the

oncogene products in the cell that is to become the seed of cancer.

Our recent experiments have allowed us to observe the initial stages of lens tumor formation in mice

that inherit a dormant oncogene from one transgenic parent and its activator from the other. The

aT oncogene directs the tumor antigens of the DNA virus SV40 specifically to the developing

embryonic lens. In its dormant form, an inserted STOP sequence prevents the formation of a

functional messenger RNA. STOP contains cues recognized by the site-specific bacterial DNA
recombinase CRE that is encoded by the activator transgene. In the double transgenic mouse, CRE
recognizes and removes STOP, thereby activating the aT oncogene. The process is very efficient and

occurs as soon as a threshold level of recombinase has accumulated to carry out the oncogene

activation. We have been able to select the site and the timing of the reaction by targeting CRE
accumulation to distinct stages of lens development. Precise control of STOP excision from qT was

made possible by a careful choice of promoters abutting the CRE gene in the activator transgene

construct. We find that the aT lens tumor progresses the more rapidly the earlier during lens

development CRE does its work. This suggests that the rate of tumor progression in the embryonic

lens is inversely proportional to the stage of lens differentiation attained when the oncogene products

accumulate. Our study strongly supports a long held hypothesis whereby negative cues of cell cycle

control that set in as lens tissue approaches terminal differentiation, cannot entirely be overridden



by malignant transformation, and are thus able to influence the time course of malignant growth.

The significance of this finding will ultimately be measured by the degree to which it pertains to

naturally occurring tumors in man.

Our interest in the molecular genetics of aberrant growth in the mammalian organism has prompted

us to contribute to the study of cell functions that are involved in the control of tissue differentiation

and may become targets of oncogene action. We joined the laboratory of Dr. P.S. Steeg (LP, DCBDC,

NCI) in an effort to understand the natural role of the "non-metastatic" nm23 gene. Steeg and her

colleagues have associated nm23 with certain non-metastatic human tumors and currently probe its

utility as a general marker of metastatic potential. We have begun to characterize nm23 function in

the mouse by establishing patterns of expression during embryonic development and in the adult

animal. The gene product accumulates to high levels in a wide variety of epithelial structures prior

to the terminal phase of differentiation, and may play a role in organizing the epithelial cytoskeleton.

We expect to learn much more about this gene by measuring the effects of precocious nm23

expression in specific target tissues, and of gene ablation in the intact animal.

In another experiment, carried out in collaboration with the laboratory of Dr. A. Singer (EIB,

DCBDC, NCI), we investigate the role of the T-cell antigen receptor zeta chain in thymocyte

development. Toward this goal, we have begun to study gain or loss of zeta function in the intact

animal. Over-expression of zeta leads to arrest of thymocyte development and results in preferential

loss of T-cell receptor expressing thymocytes. We also have generated embryonic stem cells that

carry null mutations of the zeta gene, and we presently transfer these mutations into the mouse

germline in an effort to measure the effects of zeta ablation on thymocyte development and function.

Finally, our ongoing collaboration with the laboratories of Dr. E.I. Ginns (CNB, NIMH) and Dr. R.

Mulligan (Whitehead Institute, MIT, Cambridge, MA) has resulted in generating a mouse strain that

carries a null mutation of the gene encoding glucocerebrosidase (GC). GC is defective in patients

with Gaucher disease, a lipid storage disorder that is very prevalent in certain ethnic populations.

Mice homozygous for the GC mutation die within 24 hours after birth. Lysosomal lipid deposits in

macrophages of these mice resemble those found in human patients. The Gaucher mouse will be

invaluable for the exploration of novel avenues of therapy, including enzyme replacement, cellular

transplantation and gene transfer.

Unit on Molecular Embryology

The Unit of Molecular Embryology studies the genetic basis of cellular differentiation and pattern

formation during the development of mammalian organisms. Of particular interest are transcription

factors that activate cell-type specific genes and thus function as master regulators in determining

cell fate. Many of the potential regulatory proteins in mammals, such as the homeodomain proteins,

the octamer binding proteins, and the paired-domain proteins (Pax), are encoded by multi-gene

families and have been conserved throughout evolution among divergent species. Of the murine Pax

genes, at least three correspond to known developmental mutations, including the mouse undulated,

the mouse small eye and human aniridia, and the mouse splotch and human Wardenburg syndrome.

It has become increasingly clear that the Pax genes are key regulators of morphogenetic processes

during embryogenesis.

The mammalian kidney is used as a model system to analyze the function of the Pax-2 gene. Pax-2

is expressed in the developing kidney epithelium immediately after induction of the kidney

mesenchyme, but is precisely down regulated upon terminal differentiation of the renal tubular
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Lens oncogenesis and differentiation.
A doirmant oncogene has been activated in the transgenic mouse via the prokaryotic,
site-specific recombinase CRE. The onset of oncogene expression has been directed
to coincide with specific stages of lens develof»nent . Lens fiber cells can thus be
immortalized at distinct stages along their pathway to terminal differentiation.
Expression of of iui23 during aouse development.
The expression of nm23 has been described as a marker of non-metastatic growth
properties of certain rodent and human tumors. During mouse development, we detect
high levels of the nm23 gene during organogenesis. Expression appears confined to
epithelial tissues, and is especially prominent between the onset and the terminal
phase of differentiation. This expression pattern correlates well with the inverse
relationship between nm23 expression and invasiveness observed in tumors of
epithelial origin.
Role of the T-cell receptor (TCR) leta chain in thynocyte developaent.
The TCR-zeta chain is an essential subunit of both the T-cell antigen receptor
complex and certain Fc receptors. In both contexts, zeta is required for receptor
surface expression and ligand-mediated signal transduction. To examine the role of
TCR-zeta in T-cell ontogeny, transgenic mice expressing high levels of full-length
or mutated forms of the zeta chain have been generated and analyzed. The results
suggest that 1) zeta-mediated signalling pathways control early thymocyte
developmental events such as TCR alpha and beta gene rearrangement, and 2) surface
expression of TCR complexes during development is controlled by the level of
intracellular zeta chain.
Animal model of Gaucher 's disease from targeted disruption of the mouse
glucocerebrosidase (GC) gene.
In a large collaborative experiment, we generated a null allele of GC in murine
embryonic stem cells by inserting a neomycin resistance gene in the chromosomal
target gene. Mutant embryonic stem cells were injected into normal blastocysts,
and a chimeric germ line mutation was obtained. Mice homozygous for the GC
mutation have less than 4% of normal GC activity, die shortly after birth and show
a lysosomal storage disorder that resembles that of Gaucher patients. The animals
will therefore be valuable for investigating the pathogenesis of the human disease

and for evaluating therapeutic approaches.
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We are utilizing two approaches to identify and clone genes involved in the control
of early development in the mouse.
Homeobox genes. Homeobox genes occupy key positions in the regulatory gene
hierarchy responsible for establishing the embryonic body plan in Drosophila, and
are thought to play analogous roles in the development of higher vertebrates.
Several novel homeobox genes have been isolated that are expressed in early
development in the anterior region of the embryo. These include three members of
the murine Distal-less {Dlx) gene family. Dlx genes are differentially expressed
both spatially and temporally in the branchial arches. The murine Dlx genes are
also the first homeobox genes described whose expression in the central nervous
system (CNS) is restricted to the forebrain, and may contribute missing positional
information not provided by the previously identified vertebrate homeobox genes
that are expressed in more caudal regions. Another homeobox gene, prd-like, shows
the most anterior restricted expression of all known homeobox genes. Transcripts
are seen very early in the cephalic neural plate, and become progressively
restricted to Rathke's pouch, the rudiment of the anterior pituitary, indicating a
potential role for the prd-like gene in the development of this organ. By
contrast, transcripts of the BiNK-2 homeobox gene are restricted to the more caudal
regions of the embryo. mNK-2 is specifically expressed in the newly formed somite
and accordingly, may function in the determination of somitic cell lineages.
Enhancer and Gene Trapping. To identify new genes involved in development,
enhancerless/promoterless beta-galactosidase (LacZ) constructs have been introduced
into ES cells. Expression is detected if the construct has integrated into an
active gene region. Enhancer and gene trap cell lines have been screened for
interesting patterns of LacZ expression in differentiating embryoid bodies and in
chimeras, and several lines that differentially express the LacZ construct have
been obtained. One line shows restricted expression in the limb buds of chimeras.
The interrupted gene sequences have been cloned via the molecularly distinguishable
LacZ sequences. Breeding of chimeric mice obtained from these cells will
potentially lead to the derivation of mouse mutants at these loci. The significance
of this work lies in the potential to study the largely inaccessible period of
early mammalian embryogenesis on the molecular level.
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SUMMARY OF WORK (Use standard urtr»ducad typa. Do not axcaad tha apaca provkhd.l

We are utilizing two approaches to identify and clone genes involved in the control
of early development in the mouse.
Homeobox genes. Homeobox genes occupy key positions in the regulatory gene
hierarchy responsible for establishing the embryonic body plan in Drosophlla, and
are thought to play analogous roles in the development of higher vertebrates.
Several novel homeobox genes have been isolated that are expressed in early
development in the anterior region of the embryo. These include three members of
the murine Distal-less {Dlx) gene family. Dlx genes are differentially expressed
both spatially and temporally in the branchial arches. The murine Dlx genes are
also the first homeobox genes described whose expression in the central nervous
system (CNS) is restricted to the forebrain, and may contribute missing positional
information not provided by the previously identified vertebrate homeobox genes
that are expressed in more caudal regions. Another homeobox gene, prd-like, shows
the most anterior restricted expression of all known homeobox genes. Transcripts
are seen very early in the cephalic neural plate, and become progressively
restricted to Rathke's pouch, the rudiment of the anterior pituitary, indicating a
potential role for the prd-like gene in the development of this organ. By
contrast, transcripts of the mSK-2 homeobox gene are restricted to the more caudal
regions of the embryo. mNK-2 is specifically expressed in the newly formed somite
and accordingly, may function in the determination of somitic cell lineages.
Enhancer and Gene Trapping. To identify new genes involved in development,
enhancerless/promoterless beta-galactosidase {LacZ) constructs have been introduced
into ES cells. Expression is detected if the construct has integrated into an
active gene region. Enhancer and gene trap cell lines have been screened for
interesting patterns of LacZ expression in differentiating embryoid bodies and in
chimeras, and several lines that differentially express the LacZ construct have
been obtained. One line shows restricted expression in the limb buds of chimeras.
The interrupted gene sequences have been cloned via the molecularly distinguishable
LacZ sequences. Breeding of chimeric mice obtained from these cells will
potentially lead to the derivation of mouse mutants at these loci. The significance
of this work lies in the potential to study the largely inaccessible period of
early mammalian embryogenesis on the molecular level.
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SUMMARY OF WORK (Use standard unreducad typa. Do not axcoad tha af>aca providad.)

We are utilizing two approaches to identify and clone genes involved in the control
of early development in the mouse.
Homeobox genes. Homeobox genes occupy key positions in the regulatory gene
hierarchy responsible for establishing the embryonic body plan in Drosophila, and
are thought to play analogous roles in the development of higher vertebrates.
Several novel homeobox genes have been isolated that are expressed in early
development in the anterior region of the embryo. These include three members of
the murine Distal-less (Dlx) gene family. Dlx genes are differentially expressed
both spatially and temporally in the branchial arches. The murine Dlx genes are
also the first homeobox genes described whose expression in the central nervous
system (CNS) is restricted to the forebrain, and may contribute missing positional
information not provided by the previously identified vertebrate homeobox genes
that are expressed in more caudal regions. Another homeobox gene, prd-like, shows
the most anterior restricted expression of all known homeobox genes. Transcripts
are seen very early in the cephalic neural plate, and become progressively
restricted to Rathke's pouch, the rudiment of the anterior pituitary, indicating a
potential role for the prd-like gene in the development of this organ. By
contrast, transcripts of the tnNK-2 homeobox gene are restricted to the more caudal
regions of the embryo. mN/C-2 is specifically expressed in the newly formed somite
and accordingly, may function in the determination of somitic cell lineages.
Enhancer and Gene Trapping. To identify new genes involved in development,
enhancerless/promoterless beta-galactosidase (LacZ) constructs have been introduced
into ES cells. Expression is detected if the construct has integrated into an
active gene region. Enhancer and gene trap cell lines have been screened for
interesting patterns of LacZ expression in differentiating embryoid bodies and in
chimeras, and several lines that differentially express the LacZ construct have
been obtained. One line shows restricted expression in the limb buds of chimeras.
The interrupted gene sequences have been cloned via the molecularly distinguishable
LacZ sequences. Breeding of chimeric mice obtained from these cells will
potentially lead to the derivation of mouse mutants at these loci. The significance
of this work lies in the potential to study the largely inaccessible period of
early mammalian embryogenesis on the molecular level.
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SUMMARY OF WORK (Uae snndtrd unmducud typ*. Do not excaad the ap»c* piovidad.)

The genetic basis of development and differentiation are the major focus of
the Unit of Molecular Embryology. The mammalian kidney is used as a model system
to examine the complex morphogenetic events leading to the formation of a multi-
cellular organ and to understand aberrant developmental processes that lead to
oncogenic transformation. Present lines of experimentation focus on the Pax-2
gene, a transcription factor expressed shortly after induction of the kidney
mesenchyme, active during the mesenchyme to epithelium transition, and subsequently
down regulated in terminally differentiated cells derived from the mesenchyme.
Pax-2 is also highly expressed in hviman Wilms' tumor, an embryonic tumor of the
kidney, emd in adult renal adenocarcinoma. Down regulation of Pax-2 during normal
kidney development may be controlled by the Wilms' tumor suppressor gene, WTl,
which can bind 5" Pax-2 sequences with high affinity. Experiments in transgenic
mice indicate that persistent expression of Pax-2, under the control of a
heterologous promotor, results in severe renal abnormalities similar to cogenital
nephrotic syndrome. Thus, suppression of Pax-2 is a requirement for proper kidney
development, and failure to suppress, due to deletions or mutations in WTl, may be
a determinant of oncogenesis. Current studies focus on the function of Peuc-2

proteins and the identification of DNA binding sites and potential target genes.
The signal transduction events leading to Pax-2 transcription activation are also
under investigation, particularly the role of receptor tyrosine kinases. Lastly,
the function of Pax-2 in the developing central nervous system is being addressed
through the analysis of mutant mice that exhibit aberrant expression domains and
through in vitro culture models. By the analysis of a multi-functional regulatory
factor such as Pax-2, more general mechanisms underlying embryonic development and
oncogenic transformation may be deciphered.
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Laboratory of Molecular Growth Regulation

The focus of research in the Laboratory of Molecular Growth Regulation is on control of gene

expression and cell proliferation in mammalian cells. The Section on Human Cell Genetics, under the

direction of Dr. Bruce Howard, is particularly interested in interrelationships between growth control

and basic processes such as cellular differentiation and aging. Using recently developed gene transfer

technology in conjunction with the standard array of recombinant DNA methodologies, several related

questions are being investigated: i) What are the molecular mechanisms that control cellular

senescence in normal human cells? ii) Why do rodent cells become immortalized at a far higher

frequency than human or other primate cells? iii) What roles do cellular anti-oncogenes encoding p53

and retinoblastoma gene products have in cellular quiescence and senescence? and iv) Do interspersed

repetitive sequences, which comprise 5-10% or more of mammalian genomes, represent unconventional

but fundamentally important elements in the control of differentiation, tumor suppression and cellular

senescence.

An independent research program under the direction of Dr. Richard Maraia is focused on a highly

conserved subset of Bl-Alu sequences that exhibits properties of a functional gene family. This

family, which was directly identified by characterization of discrete small cytoplasmic Bl RNA
transcripts, is homologous to a subset of transcriptionally active human Alu elements that also produce

a discrete set of cytoplasmic RNAs. The products of these Bl genes are differentially expressed by

mouse tissues and are regulated in response to growth and development. Their pathway of expression

is complex involving transcription, post- transcriptional processing, nucleo-cytoplasmic transport, and

RNP formation.

The Section on Molecular Genetics of Immunity, led by Dr. Keiko Ozato, is interested in gene

regulation in the immune system. Emphasis is placed on studying functions of three proteins that bind

to the regulatory region of MHC class I and other genes. These proteins, (1) RXR/5, (2) ICSBP, and

(3) UCRBP, were previously isolated by this section. RXRB activates retinoic acid dependent

transcription of MHC class I promoters through a positive regulatory element. ICSBP represses

transcription of MHC class I and many other genes that are regulated by interferons. UCRBP shows

a dual activity in that it either stimulates or represses transcriptional activity through a promoter

element which Is conserved in retroviral long terminal repeats. Studies of RXRB and ICSBP have led

to two proposals: i) specific protein-protein interactions are integral to the actions of DNA binding

proteins, and ii) combinatorial mechanisms determine the specificity of hormone receptor-mediated

gene regulation.

Over the past year, considerable progress has been made by the Human Cell Genetics Section in

elucidating the relative importance of the Rb and p53 gene products in growth arrest of human embryo

fibroblasts (HEF) induced by serum deprivation, treatment with differentiating agents, and

senescence. Normal HEF of course express both wild type Rb and p53 gene products, so to test their

function it is necessary to neutralize these proteins. For this purpose, HEF have been transfected cells

with plasmids that express simian virus 40 (SV40) large T and small t antigens. It is well established

that large T antigen, a multifunctional protein, is capable of binding to and neutralizing both Rb and

p53 proteins. Small t antigen possesses a domain that inhibits cellular phosphatase 2A, leading to the

suggestion that small t modifies the phosphorylation state and function of multiple nuclear proteins,

including p53. In the course of our studies, it was noted that sodium butyrate, a potent differentiation

and growth arrest agent, potentiates the activity of Rb (while reducing the role of p53) in the Gl

block caused by serum starvation. This was determined by transfecting serum starved HEF with wild

type T antigen or T antigens defective for Rb- or p53-binding, then comparing the ability of these

different T antigens to stimulate DNA synthesis. It was observed that Rb" (Rb binding-defective) T



stimulated DNA synthesis nearly as efficiently as wild type T. This suggested, rather surprisingly,

that Rb is not a major mediator of Gl arrest in serum deprived HEF. In contrast, when serum
deprived cells were maintained In sodium butyrate, or when growth arrest was due to senescence, a

greater than 10-fold difference between wild type and Rb~ T antigen activity was observed.

To investigate why Rb activity is enhanced in butyrate-treated and senescent cells, an examination

was made of how these states affect the amount and/or phosphorylation state of Rb protein. It was
demonstrated that sodium butyrate does not alter the amount of intracellular Rb, but rather causes

hypophosphorylation of this protein. Since Rb is believed to be active when hypophosphorylated and
inactive when in the hyperphosphorylated form, this finding offers one mechanism by which butyrate

might activate Rb. It was also confirmed, as reported elsewhere, that Rb is predominantly in the

hypophosphorylated form in senescent HEF.

The next step in this project was to determine the effects of large T and small t antigens on the

phosphorylation state of Rb. This was accomplished by transfecting butyrate-treated quiescent HEF
with plasmids that express wild type or mutant large T antigen, with our without concomitant

expression of small t. These experiments revealed that the wild type T and t antigens in combination

cause dramatic hyperphosphorylation of Rb. Neither the Rb-blnding nor the p53-binding domain of

large T was required for this effect; however, small t was essential. Rb hyperphosphorylation could

not be demonstrated in response to expression of small t alone, so it Is probable that these two viral

tumor antigens act synergistically to inactivate Rb by altering its phosphorylation state. This is the

first evidence that SV40 has evolved two independent mechanisms to modulate the function of the Rb
gene product: direct binding by large T, and hyperphosphorylation by large T and small t acting in

concert.

The second major project in the Human Genetics section concerns the 7SL/Alu repetitive gene family.

This family comprises about 5% of the human DNA, with at least 500,000 Alu copies interspersed

throughout the genome. Alu repeats are transcribed by RNA polymerase III (pol III), and are

structured so as to facilitate amplification by a retroposon-like mechanism. This amplification

mechanism is thought to account for the appearance of successive waves of Alu subfamilies during

primate cell evolution, and for the fact that each species of higher eukaryotic cell carries its own
distinct complement of pol Ill-transcrlbed interspersed repeat sequences (SINES). The diversity of

SINES in higher eukaryotic cells raises the intriguing possibility that these repeat families modulate

differentiation In a manner that contributes to speciation.

The majority of published studies on Alu sequences have dealt with structural and evolutionary

questions; however, the salient feature of these repetitive sequences with respect to growth control is

the remarkable regulation of their expression within the cell. Whereas these elements are strongly

transcribed In vitro, they are virtually silent In normal somatic cells. Studies of the closely related

rodent Alu-Bl repeat family indicate that this SINE class Is not transcriptionally defective, since Bl

expression can be detected In vivo under certain circumstances, e.g., in malignantly transformed or

primitive embryonic cell lineages. Accordingly, an alternative explanation is being pursued for the

absence of Alu expression in normal somatic cells, namely, that it Is effected by transcriptional

repression. Over the past year at least three molecular mechanisms have been identified which may
contribute In a complementary manner to in vivo Alu silencing.

The first approach has been to examine the Alu consensus DNA sequence for motifs that are known
to be involved In negative regulation of transcription. Inspection of the major Alu subfamily, AluS,

revealed that It contains an extremely high CpG content (25 in 283 bases). This number is striking

because the CpG dinucleotlde, which Is the primary site of 5-methyi cytoslne modification in

mammalian cells, is normally underrepresented approximately four- fold in genomic DNA. In addition,

it has been established that Alu sequences are methylated in somatic cells (Gama-Sosa, 1983; A. Bird,

unpublished results; T. Giordano and B. Howard, unpublished results; Schmid, 1991). Since

methylation has been correlated with transcriptional silencing for many RNA polymerase



II- transcribed genes and a limited number of RNA polymerase III- transcribed genes, it was postulated

that methylation is a mechanism by which the transcription of Alu genes is inhibited in vivo.

A logical first step to evaluate the potential role of DNA methylation in regulation of pol

Ill-dependent Alu transcription was to compare in vitro transcription of methylated and unmethylated

templates. Such experiments demonstrated that in vitro transcription of Alu repeats with a

near-consensus number of CpGs is relatively resistant to DNA methylation. At high template

concentration, Alu transcription was unaffected even by modification of all 25 CpGs using Sss I

methylase. Since both box A or box B promoter elements contain CpG dinucleotides, this argued

against direct interference with pol III transcription factor (TFIIIC/TFIIIB) binding, which has been

suggested for the adenovirus VAl gene. At low DNA concentrations, a two-fold inhibition by

methylation of all CpG dinucleotides was demonstratable. This suggested that suppression of Alu

expression by DNA methylation, if it occurs in vivo, is mediated by a titrable repressor protein or by

a previously undiscovered mechanism (see below). The most likely candidate for such a repressor

protein is the factor MeCPl, which recognizes the density of methyl-CpGs rather than specific

sequences.

The second approach taken to identify Alu silencing mechanisms was to search for sequence-specific

DNA binding proteins that may function as transcriptional repressors. The starting point for these

studies was a set of computer programs written to identify common response motifs within Alu and

other SINE families. These programs are based on the observation that non-overlapping clusters of

response element motifs for a single transcription factor are common within regulatory regions. A
reasonable inference from this observation is that the binding site for one or more transcription

factors is likely to be statistically overrepresented within a family of related enhancer/silencer-like

regulatory regions. Working on the hypothesis that pol Ill-transcribed interspersed repeats possess

cis-acting transcriptional regulatory information in addition to internal A and B box promoter

elements, the consensus sequences for seven well characterized mammalian repeat families (human

Alu, goat ArSINE, mouse Bl, hamster B2, mouse B2, rabbit C, and rat ID) were searched for a short

nucleotide motif that consistently occurs at a higher frequency than expected by chance.

The outcome of this analysis was identification of a tetramer, CTGG, which is present in 3-7 copies

in all seven SINE repeat families. The likelihood of this observed frequency is four orders of

magnitude lower than for any other tetramer. Oligonucleotides containing this candidate transcription

factor binding motif were tested in mobility shift assays and shown to interact with several proteins

in HeLa nuclear extracts. Purification of these proteins by oligonucleotide affinity chromatography

yielded a single major polypeptide, p55, and several smaller polypeptides. Mobility shift and

silver-stained protein gels indicated that the enrichment for CTGG-specific DNA binding proteins was

»1000-fold. These proteins were shown to be potent repressors of Alu transcription in in vitro assays;

indeed, the enrichment for transcriptional suppression activity relative to crude nuclear extract was

commensurate with the purification of DNA binding activity.

The third approach to identify molecular mechanisms responsible for Alu silencing involved

experiments on nucleosome positioning. Extensive studies of the ribosomal 5S genes from several

species have revealed that nucleosomes positioned over the promoter elements within those genes can

dramatically suppress pol Ill-dependent transcription. This laboratory has recently demonstrated that

human Alu sequences, like 5S genes, possess strong nucleosome positioning signals. Using a naturally

occurring Alu from the a-fetoprotein gene, it was shown that both left and right monomers

rotationally position nucleosomes. With respect to translational positioning, bound nucleosomes

appear to be colinear with the right monomer, whereas the left monomer positions nucleosomes so that

the dyad symmetry of the particle is close to the 5' end of the Alu element. Nucleosome (H3-H4)2

tetramers are positioned similarly to complete octamers, consistent with evidence obtained by other

investigators that positioning is determined by interactions of histones H3 and H4 with DNA. Most

importantly, Alu transcription is completely repressed by reconstitution with either octamer or

tetramer particles.



As noted above, AIu elements are heavily methylated in vivo. To determine whether DNA methylation

can affect nucleosome positioning on these elements, the characteristics of nucleosomes reconstituted

in vitro on unmethylated or Sss I-methylated AIu sequences were compared. Remarkably, complete

methylation of AIu CpGs enhanced the capacity of the left monomer (and perhaps the right monomer
as well) to fix the translational and rotational positions of nucleosomes. Moreover, transcriptional

repression by bound tetramers was substantially more efficient on methylated than unmethylated
templates when limiting histone concentrations were used in reconstitution reactions. These studies

have thus yielded not only the first clear evidence that AIu elements position nucleosomes, but also

the first evidence of cooperativity between nucleosome positioning and DNA methylation, two major
gene silencing mechanisms.

All of the preceding results are consistent with the idea that AIu elements may have evolved multiple

mechanisms to ensure nearly complete transcriptional repression in normal cells. This has very

Important implications for understanding the potential influence of the 7SL/Alu repeat family on host

cell function. If there Is strong selective pressure for the evolution and preservation of AIu silencing

mechanisms, it follows that these elements may be inert only as long as they are masked. To the

extent that they may become unmasked in certain differentiation states, they may modulate cell

proliferation or cause other changes in cell phenotype. Earlier experiments in this laboratory have

in fact demonstrated that transfection of "unmasked" AIu DNA sequences into HeLa cells can down
regulate endogenous protein and DNA synthesis. More detailed analysis of this effect and
investigation of its mechanism will be major goals in the future.

The biological role of Bl and AIu transcripts is being examined in the Unit of Molecular and Cell

Biology lead by Dr. Richard Maraia. A small fraction of Bl and AIu short interspersed elements

(SINEs) produce cytoplasmic RNA in vivo. Unlike random genomic SINEs, the sequences expressed

as RNA polymerase Ill-dependent transcripts are highly related in primary and secondary structures.

These human AIu and mouse Bl small cytoplasmic (sc) RNAs are derived from larger RNAs by

post-transcriptional processing and are present at approximately 10^ copies per cell (about the same

abundance as the rare small nuclear U-RNAs). Although the functions of scAlu and scBl ^NAs are

unknown, the evolutionary conservation of a complex RNA secondary structure motif also found

throughout nature as part of a component of the translation arrest "AIu domain" of signal recognition

particle (SRP) suggests a role in selective translational modulation. The conservation of the "AIu

domain" secondary structure by these transcripts, but not the majority of interspersed elements in

DNA, suggests that human AIu and mouse Bl families consist of functional genes that evolved under

selective pressure plus a large number of transposed copies of these genes. The "processed" nature of

these RNAs, as well as their similar copy number, cytoplasmic accumulation, and potential

"translational control domain" suggests that they are members of a conserved gene family involved in

the selective regulation of mRNA expression. Ongoing studies of mouse development indicate that

scBl RNA is expressed only in adult germ-line and fetal but not adult somatic tissue.

Using RNA mobility shift, UV crosslinking, and Northwestern blot analyses, a cytoplasmic protein was
identified that binds scBl and scAlu RNA in vitro. Deletions and substitutions were used to identify

regions in scBl RNA that are necessary for binding in vitro. Although the results suggest that binding

is due to a non-SRP protein, its identify awaits purification (underway) and cloning. Nonetheless,

the human gene which encodes scAlu RNA binding protein was unambiguously mapped to a human
chromosome by RNA mobility shift (functional) analysis of rodent x human somatic cell hybrids that

retain single human chromosomes.

scBl and scAlu RNAs are matured by 3' processing of larger transcripts that are synthesized from

SINEs by pol III. The G + C rich coding regions are followed by A + T rich tracts in Bl and AIu

DNA. Pol III transcribes through the A-rich tracts and terminates transcription in a run of four or

more T residues. The resulting RNA contains scBl/Alu RNA at its 5' end followed by a poIy(A) tract

of ~40 bases and ends in a short stretch of U residues. Post-transcriptional 3' processing removes the



poly(A) and terininal(U) tracts to produce the small cytoplasmic species observed in vivo.

A series of scBl RNA genes was constructed in which various sequence motifs were either deleted or

substituted and used to investigate the cis-acting elements required for accurate expression. Nuclear

extract-mediated in vitro transcription was used as well as analysis after microinjection into Xenopus

oocytes. Sequences required for efficient transcriptional initiation and post- transcriptional processing

were identified. Surprisingly, subtle base changes around the pol III termination signal strongly

influenced post- transcriptional processing at a site 65nt upstream. This has provided new insights into

mechanisms of 3' end maturation. A facile system was recently developed to study pol Ill-mediated

transcription from immobilized (purified) transcription complexes. Factors involved in transcription

reinitiation, transcript release, and 3' RNA processing are being characterized.

Bl and Alu are transposed elements endogenous to their respective genomes. The recent de novo

transposition of an Alu into a patient's neurofibromatosis 1 gene illustrates the propensity of these

elements for mobility and amplification. Alus "retro" transpose through an intermediary transcript

produced by RNA polymerase III. The accepted model of retrotransposition suggests that the terminal

oligo(U) residues fold back to intramolecularly base pair with the poly(A) region of an Alu primary

transcript. This produces a "self primed" substrate for reverse transcriptase. The resulting Alu cDNA

then invades a new genomic locus, sometimes disrupting or influencing nearby resident genes.

According to this model 3' RNA processing would reduce the potential for Alu primary transcripts to

undergo reverse transcription by removing their poly(A) and terminal(U) tracts. Results obtained by

this unit indicate that a factor can differentially associate with some Bl-Alu transcripts to inhibit

their 3' processing. Identification of this factor may provide insight into the process of

retrotranscription and the basis for the poorly understood selection of transpositionally active Alu

elements from the huge background of inactive elements.

The overall objective of the Section on Molecular Genetics of Immunity, directed by Keiko Ozato is

to elucidate the mechanisms of gene regulation relevant to the development of the immune system.

Within this framework, studies focus on transcription of MHC class I genes as a model of gene

regulation. In the past year, this section isolated and studied several genes encoding proteins that bind

to the regulatory DNA elements of MHC class I genes. These regulatory genes belong to large families

and encode proteins that contain distinct DNA binding domains. It was found that these DNA binding

proteins bind cis elements of not only MHC class I genes but many other genes. Based on the multiple

binding specificities, a "combinatorial model" was proposed for gene regulation. In this model,

regulation of individual genes is controlled by multiple transcription factors bound to arrays of

regulatory elements; thus it is binding of a particular combination of factors that determines the

specificity of transcription. From this model it is expected that the functions of these DNA binding

proteins are pleiotropic. The main objective of this research is to study their regulatory roles.

RXRB is a member of the nuclear hormone receptor superfamily which this laboratory has isolated

on the basis of its binding to region II, a positive regulatory element of MHC class I genes. Although

this protein was originally referred to as H-2RIIBP, it has been renamed RXRB because two other

similar genes belonging to the same subgroup were later isolated, and these were found to be involved

in retinoid-mediated gene regulation. Two RXRB mRNA species with similar sizes are expressed in

all cultured cells and murine tissues tested. Western blot analysis detects a 44 Kd RXRB protein that

is localized in the nuclear fraction again in all cells tested.

A functional role of RXRB has been studied in human embryonal carcinoma Ntera2 cells by transient

transfection of RXRB cDNA driven by the Rous sarcoma virus long terminal repeat (RSV LTR).

Transfection of RXRB into undifferentiated Ntera2 cells led to trans-activation of MHC class I

promoters. This transactivation depended on brief treatment of cells retinoic acid. Activity of a

heterologous Tk-region II promoter was also enhanced by RXRB only when cells were treated with

retinoic acid (RA). Thus this trans-activation was mediated by region II, a RXRB target sequence, and

was RA dependent. Deletion analyses have shown that removal of the DNA binding domain or the



C-terminal (ligand binding) domain, but not the N-terminal domain, abrogates the ability of RXRB
to trans-activate MHC class I reporters.

Using recombinant RXRB expressed from a baculovirus expression vector, binding of RXRB to target

DNAs was studied in detail. During the course of this work it was found that RXRB dimerizes with

other nuclear hormone receptors, namely the thyroid hormone receptora (T3R) and RARa in solution,

and in the absence of specific target DNA elements. The dimerization was observed by reciprocal

co-immunoprecipitation and by chemical cross linking using RXRB, T3Ra and RARa. The most
striking aspect of these findings was that the formation of the RXRB heterodimer was far more
efficient than that of the RXRB homodimer. RXRB homodimerization was detected only when specific

target DNA was added to the reaction. The heterodimer formation conferred enhanced binding to

specific target DNA: when RXRB was mixed with a heterodimer partner (either T3Ra or RARa), the

level of DNA- protein complexes determined by gel mobility shift assays was much greater than that

produced by RXRB or the partner alone. These results indicated that RXRB has a strong tendency to

heterodimerize with multiple nuclear hormone receptors, and as such it acquires the capacity for high

affinity target binding.

By methylation interference assays it was shown that RXRB heterodimer and homodimer contact the

target DNA in a different manner. The region II sequence showing interference by the RXRB-T3Ra
heterodimer was much shorter that that found by the RXRB homodimer. Detailed deletion analysis

led to the conclusion that much of the C-terminal domain, but not the N-terminal or the DNA binding

domain, is required for heterodimerization. On the other hand, homodimerization was found to

require the RXRB DNA binding domain. It was also found that not all nuclear hormone receptors

heterodimerize with RXR and that those receptors possessing "dimerization motifs" in the C-terminal

domain are capable of dimerizing with RXRB.

Consistent with the functional importance of RXRB heterodimers, RXRB and RAR or T3R were shown
to cooperatively activate MHC class I promoter activity. Similarly it was shown that RXRB and T3Rq!

synergistically trans-activate a thyroid hormone responsive reporter derived from the malic enzyme

gene promoter. Thus it is likely that RXR occurs predominantly as a heterodimer in the natural

environment, and that RXR heterodimers are functionally important. These observations led us to

suggest that the ability of RXRB to hetrodimerize with multiple hormone receptors introduces a

combinatorial mechanism to the hormone receptor action.

RXRB, when heterodimerized with other nuclear hormone receptors, acquires high affinity binding

to a diverse set of hormone response elements. In particular, it was noted that the palidromic estrogen

response element CAGGTCACAGTGACCTG binds the RXRB-T3Rq heterodimer at an affinity

comparable to that seen by the estrogen receptor (ER), the classical receptor for this element. This

observation prompted investigation of whether RXRB has a regulatory role for estrogen responsive

genes. It was shown that the endogenous RXRB contributes to ERE (estrogen response element)

binding activity in nuclear extracts prepared from the human breast cancer cell line MCF-7. These

cells express the ER and depend on estrogen for their growth. RXRB cDNA and a CAT reporter gene

driven by the vitellogenin A2 ERE were transfected into estrogen treated MCF-7 cells. RXRB inhibited

activity of the ERE driven reporter in a dose-dependent and element specific fashion. This inhibition

occurred in the absence of the RXR ligand 9-cis RA. The RXRB inhibition was accounted for by the

interference with the estrogen receptor action, because the inhibition was observed in ER negative

MDA-MB-231 cells only following transfection of the ER and treatment of cells with estrogen. This

inhibition was not caused by simple competition of RXRB with the ER for ERE binding, since deletion

mutants retaining DNA binding activity but lacking the N-terminal domain or the C-terminal domain

failed to inhibit the reporter activity. These data raise the possibility that expression of RXRB is

relevant to the estrogen resistant state that develops in some breast tumor patients. Moreover, such

results illustrate the diversity of RXRB function expected of the combinatorial model.

ICSBP is a member of the IRF family which was isolated previously on the basis of binding to the



interferon-stimulated response element (ISRE) of the MHC class I genes. Subsequently, the function

of ICSBP was studied by a cotransfection strategy similar to that used for RXRfi. It was shown that

ICSBP represses transcription of MHC class I reporters following treatment with all three types of

IFNs, IFN-a, IFN-B, and IFN-Tf. ICSBP repression of MHC class I promoters was also detected in

cells treated with RA alone. In untreated cells MHC class I reporter activity was very low and ICSBP
had no effect. In addition, ICSBP repressed reporters for the 2-5A synthetase, ISG15 and GBP genes.

This repression was mediated by the ISRE, because the ISGIS and GBP constructs comprising only

the ISRE and the minimum promoters showed strong repression, whereas constructs from which the

ISRE was removed showed no repression.

Recombinant ICSBP (rICSBP) was prepared in a baculovirus expression vector in order to study its

binding to ISREs. It was found that rICSBP barely binds the ISRE, although the presence of specific

antibody promotes its binding to this element. These results were reminiscent of the weak DNA
binding observed with RXRfi alone, and suggested that ICSBP requires an associative mechanism for

achieving high affinity binding to a target. Very recently, it was found that when rICSBP was added
to cytoplasmic extracts prepared from IFN treated cells, ICSBP strongly bound to the ISRE in gel

mobility shift experiments. This newly formed DNA-protein complex contains ICSBP, because it is

"supershifted" by anti-ICSBP antibody. These results strongly indicate that ICSBP associates with

a cytoplasmic factor that is induced following IFN treatment, and that this cytoplasmic factor confers

a high affinity binding to the ISRE.

The following observations led to the proposal that ICSBP competes for a cytoplasmic factor with
ISGF3. ISGF3 is an ISRE binding factor that is believed to control gene induction immediately

following IFN treatment. ISGF3 is composed of four components, three of which are non-DNA
binding subunits thought to be coupled with IFN signalling. These subunits appear to help the DNA
binding subunit, ISGF37, to translocate into the nucleus and bind to the target ISRE. The
ISGF3-ICSBP competition model was proposed because addition of rICSBP reduced the intensity of

the ISGF3 band in the same gel shift. Thus, it is possible that ICSBP repression of transcription seen

following IFN treatment is in part accounted for by competition between ICSBP and ISGF3 for an
associative molecule.

An additional area in which this section is interested concerns the negative regulatory element (UCR)
of the murine leukemia virus (MuLV) LTR, since this element, CGCCATTTT, is almost 100%
conserved both in infectious MuLVs and many endogenous MuLV. By screening several libraries using

a UCR probe, a murine cDNA clone was isolated that encodes a CjH^ zinc finger protein. The
deduced amino acid sequence of UCRBP predicts a 45 Kd protein. The C-terminal DNA binding

domain contains four zinc fingers connected by linker sequences conserved in C2H2 zinc finger

proteins. Based on the variable amino acids in the zinc finger domain, UCRBP belongs to the GLI
subfamily.

By a systematic computer search it was found that UCR core binding sites are present in the 5' control

regions of a large number of mammalian viruses (including human cytomegalovirus, HTLV, human
rhinovirus, simian sarcoma virus, and HSV- 1), and the regulatory regions of many cellular genes (e.g.,

superoxide dismutase, Igk, Ig/i, apolipoprotein A, human 21 -hydroxylase, and ICSBP). This suggests

that UCRBP may regulate transcription of an unusually large number of cellular and viral genes.

Consistent with such a general regulatory role, three additional groups have reported isolation of the

same gene using cis regulatory elements of different genes: groups by Shenk, Perry and Achison
reported that this protein (called YYl, delta, or NF-El) binds to the promoters of the P5
adeno- associated virus, regulatory regions of Igk and Ig^, and ribosomal protein genes.

UCRBP represents much of the naturally occurring UCR binding activity, since the UCR-protein
complexes produced by nuclear extracts of many types of cells can be "supershifted" by an antibody
raised against recombinant UCRBP. The functional role of UCRBP was studied by transient

cotransfection of a UCRBP cDNA expression plasmid with Tk based CAT reporters containing UCR
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The focus of research in the Laboratory of Molecular Growth Regulation is on control of cell proliferation in

mammalian cells. Of particular interest are interrelationships between growth control and basic processes

such as cellular differentiation and aging. Using recently developed gene transfer technology in conjunction

with the standard array of recombinant DNA methodologies, several related questions are being investigated:

i) What are the molecular mechanisms that control cellular senescence in normal human cells? ii) Why do

rodent cells become immortalized at a far higher frequency than human or other primate cells? iii) What

roles do cellular anti-oncogenes encoding p53 and retinoblastoma gene products have in cellular quiescence

and senescence? and iv) Do interspersed repetitive sequences, which comprise 5-10% or more of

mammalian genomes, represent unconventional but fundamentally important elements in the control of

differentiation, tumor suppression and cellular senescence.
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Research on a highly repetitive family of genetic elements of mammals was continued. Alu sequences are

small transposed elements endogenous to the human genome. Nearly one million dispersed copies constitute

5% of the genetic material. Although fiinction is unknown, the propensity of Alu elements for mobility and

recombination has caused genetic variability and multiple heritable disorders in humans by both RNA- and

DNA-mediated mutations. Germline and fetal-specific expression of RNA from a specific subset of these

elements suggests their involvement in normal development. The regulated expression of Alu and its mouse
homologue Bl involves multiple levels of control. Examination of activities that positively and negatively

influence their expression increased our insight into the transcriptional regulation and propensity for

transposition of these elements. Protein factors that interact with these DNA elements to regulate their

expression, as well as proteins that modulate the metabolism of their RNA products were characterized.

The chromosomal location of the sequences that encode human scAlu RNA were mapped by northern

analysis of rodent x human somatic hybrids. The exact sequences were determined from scAlu cDNA
clones.

Further characterization of a scAlu RNA-binding protein included its localization to a specific human
chromosome by a functional mapping approach. We identified a conserved, sequence-specific motif in

scBl/Alu RNA important for binding.

Homology of scBl and scAlu RNAs was established by comparing these transcripts with respect to

subcellular distribution, copy number, secondary structure, post-transcriptional processing and ability to bind

to a specific protein.

The positive effects of fetal serum on levels of scBl RNA in mouse NIH 3T3 cells were studied.

Effects of cis-acting control elements and trans-acting factors on Bl-Alu gene transcription was continued. A
fascile assay that utilizes inunobilized transcription complexes improved the resolution and interpretability of

these analyses. !
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We are interested in gene regulation in the inmine system. Our emphasis is to

study the function of three proteins that bind to the regulatory region of Nf£
class I and other genes. These proteins, (1) RXR^, (2) ICSBP, and (3) 1XSBP were

previously isolated in this laboratory. They belong to distinct ENA binding
protein families and have characteristic domain structures. By transfection
studies, we have shown that all three proteins affect transcription of reporter
genes driven by specific target elements: RXR^ activates retinoic acid dependent
transcription of NflT class I reporters through a positive regulatory element.
ICSBP represses transcription of MC class I and many other genes that are

regulated by interferons. UCRBP shows a dual activity in that it either stimulate
or represses activity of a UCR-driven promoter, depending on the amount of IXRBP
transfected into the cell. Studying recombinant proteins we have learned that RXRy^

and ICSBP act in association with another protein. The most striking finding has

cooie from the analysis of RXR^: RXR^ heterodimer izes with multiple nuclear hormone

receptors, that as such confers the ability to bind to a target IY>i\ at a high
affinity. Studies of RXR/9 led us to propose that KXR^ introduces a combinatorial
mechanism into receptor-mediated gene regulation, thereby increasing the repertoir

and versatility of their action. ICSBP also interacts with a cytoplasmic protein
that translocates to the nucleus upon interferon treatment, which again confers
high affinity binding to the target. These results indicate that a specific
protein-protein interaction is an integral mechanism of the action of these DNA
binding proteins.
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Laboratory of Theoretical and Physical Biology

The Laboratory of Theoretical and Physical Biology works on
the premise that the fields of physics, chemistry, and
mathematics have much to offer biomedical research, espescially
for understanding the physico-chemical mechanisms of fundemental
biological and pathological processes, as well as in developing
new methods for measuring and separating bio-molecules.
Recently, studies have ranged from building a new instrument to
measure the molecular weight distributions of individual protein
molecules to elucidating the structure of a semi-stable state in
mast cell degranulation.

The Section on Membrane and Cellular Biophysics, led by
Joshua Zimmerberg, has continued to probe the mechanisms of
membrane fusion. Fusion is a critical event in the life of every
cell: membrane assembly, mitosis, golgi trafficking, and
secretion depend upon it. It is the basis of enveloped viral
infection, insulin release, histamine release, and fertilization.

Understanding the mechanisms of membrane fusion is crucial to
progress in these fields.

Fusion Pores A few years ago this laboratory discovered a fusion
pore which initiates exocytosis. Using beige mouse mast cells,
electron microscopy, and electrophysiology, the Section has now
determined the sequence of events leading to and following fusion
pore formation. After stimulation, a dimple in the plasma
membrane forms a small contact area with secretory granule
membrane. These dimples reach into the cytoplasm and in some
cases are seen contacting the secretory granule below. This
suggests that the site where exocytotic pore formation will occur
is no larger than the tip of these dimples, an area about 50 nm
in diameter. These also serve as a site for exocytotic pore
formation. Growing evidence indicates that pore formation occurs
at a highly localized contact point between plasma and granule
membranes.

Within this zone, which has no ordered proteinaceous
specializations, a small fusion pore forms which widens rapidly
to 1 nS in conductance. Thereafter, the fusion pore remains at
semi-stable conductances between 1 and 20 nS for a wide range of
times, between 10 and 15000 ms. Furthermore, step-wise changes
in pore conductance are occasionally seen. It appears that the
exocytotic pore can fluctuate between semi-stable states during
its expansion, exhibiting intermediate structures with
measurable, albeit short lifetimes. These conductances
correspond to pore diameters of up to 25 nm. In some cases.



pores obviously exhibited more than one "semi-stable" state. In
an attempt to determine whether multiple semi-stable states
occurred at values common to all the recorded pores, a histogram
of modal conductances was analyzed. This plot showed a
predominant peak at around 3-5 nS, with a suggestion of a second
peak at around 4 nS. The combined, corrected dwell time
histogram also showed a suggestion of multiple peaks, with the
predominant one near the lower extreme of the observable range,
and the suggestion of a peak between 3-5 nS.

The freeze fracture morphology of pores that have estimated
conductances of 3 to 10 nS represent examples of early semi-
stable states in pore growth as detected by electrophysiology.
The pore presents as an hourglass configuration and is contiguous
with and joins the granule and plasma membrane. The continuous
fracture plane that exists between the two fused membranes
demonstrates that lipids represent a major component of the pore
and are arranged in a normal bilayer configuration. It is clear
that there is no ordered array of intramembrane particles within
or adjacent to the hourglass that would be suggestive of a wholly
proteinaceous pore structure like that of a gap junction
connexon. The fracture faces that form the hourglass include
intramembrane particles at a density not unlike that found in
adjacent plasma and granule membranes. These intramembrane
particles could represent protein components of a protein/lipid
pore complex although at present their identity is not known.
Later, the fusion pore rapidly increases in conductance,
consistent with the observed morphology of omega-figures. Since
the morphology of small pores show contiguous fracture planes,
the electrical data represent pores which contain lipid,
consistent with the group's previously proposed model of
lipid/protein complexes mediating fusion.

Baculovirus Induces Syncytia Formation To better understand the
role of fusion protein structure in fusion pore structure, the
Section has been developing expression systems for fusion
proteins. Cells infected with baculovirus fuse together when
exposed to low pH, as measured by lipid mixing, increase of
surface area, and formation of multinucleate syncytia. Probably
a baculovirus-encoded, pH-dependent fusion protein is expressed
in the plasma membrane of infected cells, to be incorporated in
the viral envelope after capsid budding for subsequent viral
infectivity. As in influenza HA-mediated cell-cell fusion,
constant acidification is no longer needed for subsequent fusion.
Only a 10 second pulse of acidic medium is needed to trigger
syncytia formation. Capacitance changes are seen prior to
morphological changes, as in the membrane fusion of exocytosis.
The fusion demonstrated here may be an extremely convenient
system for studying enveloped viral mediated cell-cell fusion.
Electrophysiological studies are underway to characterize fusion
pore development in this system.



Lysolipids are Universal Inhibitors of Membrane Fusion Do lipid
rearrangements underlying these processes have common
intermediate steps? What is the relative role of proteins and
lipids in the regulation of fusion? To find out the possible
role of membrane lipids, Leonid Chernomordik has led a study of
diverse fusion processes including Ca**-triggered cortical
exocytosis, GTP-gamma-S-triggered mast cell degranulation, GTP-
dependent rat liver microsome - microsome fusion, and the afore-
mentioned H*-triggered baculovirus system. They found that one
class of naturally occurring membrane phospholipids -

lysolipids - acts as a potent inhibitor of membrane fusion in all
experimental systems studied. Inhibition was reversible, did not
correlate with lysis and could not be attributed to any specific
chemical moiety of lysolipids. Fusion was arrested at a stage
preceding fusion pore formation.

All the compounds which inhibited membrane fusion have the
molecular shape of inverted cones, i.e. they have large polar
heads and small hydrophobic tails. One possible explanation for
how amphipathic molecules inhibit membrane fusion is that they
bind to crucial components of the fusion machinery. However, the
wide range of biological fusion systems inhibited by lysolipid
suggests a physicochemical mechanism. The incorporation of
inverted cone-shaped molecules into contacting monolayers of two
planar lipid bilayers is hypothesized to restrict formation of a

highly curved stalk, a putative fusion intermediate which
connects two membranes. The results are consistent with the
hypothesis that such stalk-like intermediates can be common in
diverse processes including fusion between both intracellular and
extracellular surfaces, between organelles and organelles as well
as between organelles and the plasma membrane. This reverses the
long-held view that lysolipids promote biologically significant
fusion and suggest that highly bent "stalk" intermediates, which
favor lipids of the molecular shape opposite to that of
lysolipids, are common in disparate fusion processes. Because
lysolipids are tightly regulated biological compounds, it is
intriguing to speculate that cells control local lysolipid
concentrations to regulate fusion processes.

Calciiun and Secretory Granule Fusion While it is well known that
calcium can trigger membrane fusion in many intracellular
processes, the mechanism and molecular machinery responsible for
membrane fusion is not known. To identify and then purify
proteins involved in calcium triggered membrane fusion, the group
is developing simple assays for monitoring membrane fusion,
studying the minimal distribution of the fusion machinery between
the fusing membranes as a first step in identifying fusion
proteins, and using these assays to characterize the requirements
of fusion reactions. Among the specific questions are: 1) how
many fusion proteins are there on an exocytotic granule? 2) are
they evenly distributed over the membrane of the granule or
clustered? and 3) what role do lipids play in the fusion



reaction? To answer these questions, Steven Vogel has developed
a new apparatus. Simultaneous fluorescence imaging and calcium
release from "caged" calcium is accomplished by coupling two
mercury arc-lamps to the epi-fluorescence port of a microscope
via a dichroic beam splitter. Inserted between the beam splitter
and first lamp in the transmitted light axis is a 540nm
excitation filter and a heat filter. Between the second lamp and
beam splitter, in the reflected axis, is an electric shutter and
a 360nm filter. Using the fluorescent calcium indicator rhod-II
released calium can be measured in the range 0.2-90 nK. Calcium
concentrations reach 24±5 /xM within 0.5 s, maximal measurable
free calcium (approximately 90 mM) within 0.8 s, and calculate
total DM-nitrophen photolysis by the end of a 2.5 s UV pulse
(releasing approximately 500 /xM calcium) .

Using this device, Vogel found that isolated exocytotic
vesicles are capable of fusing with inactivated vesicles as well
as with liposomes containing no proteins. Granule-liposome
fusion is specifically triggered by calcivim and inhibited by the
protein-modifying reagent NEM. There was no apparent
phospholipid requirement for the liposomes but inclusion of
cholesterol facilitated fusion. Not all liposomes fused with
granules. Thus, calcium-triggered exocytosis requires proteins
in only one of the two fusing membranes and a receptive lipid
mixture in the target membrane. Vesicle-liposome fusion does not
require any added cytoplasmic proteins or organic factors. There
is no apparent phospholipid requirement in the target membrane,
but cholesterol appears to facilitate fusion. The important
conclusion is that exocytosis, a process thought to be complex
and to require a menagerie of soluble cofactors, turns out to
work with fusion proteins in only one membrane, like viruses and
sperm.

HIV Membrane Electrophysiology In a project to determine the
physico-chemical mechanisms of HIV-induced pathology, Joshua
Zimmerberg has led a group to develop new targets for anti-AIDS
therapeutics. To extend their techniques for measuring fusion
pores to measure viral budding in mutants of HIV lacking the P6
peptide, they have developed a new mathematical algorithm to
measure cell admittance with two stimulating frequencies
simultaneously. This algorithm is used in a computer interfaced
to the apparatus for voltage-clamping cells. A confocal scanning
laser fluorescent microscope system for quantifying membrane
protein density in patches on the surface of the CD4+ cell lines
and peripheral blood lymphocytes has also been developed. In
addition, the group investigated the membrane effects of the
carboxy-terminal region of the HIV transmembrane protein (gp41)

,

which has been implicated in T cell death. The positively
charged amphipathic helix of gp41 is located in the intra-viral
or cytoplasmic compartment and is structurally similar to known
cytolytic peptides. The interaction of the isolated, synthetic
amphipathic helix of gp41 was studied with planar phospholipid



bilayer membranes using voltage clamp, potentiodynamic , and
stability measurements. They found that the peptide binds
strongly to planar membranes: especially to the negatively
charged phosphatidylserine bilayer, where more than 60% of the
membrane lipids are bound to the peptide. This interaction of
the peptide with planar phospholipid bilayer membranes results in
decreased membrane stability, decreased membrane surface tension,
and increased membrane conductance. In the presence of
micromolar concentrations of the peptide the formation of
voltage-dependent pores having cationic selectivity and a modal
conductance of 4 nS was observed. The membrane-perturbing
activity of the peptide suggests that the interaction of the
carboxy-terminal fragment of HIV-1 envelope protein with the
membrane of infected T cells could disrupt the membrane barrier-

function, leading to sodium and calcium flux into cells, osmotic
swelling, and T cell death.

The Section on Metabolism and Mass Spectrometry, led by
Alfred Yergey, has as its principal objective to develop and
apply new methods for analysis of biological materials that
require mass spectrometric analysis but which have been difficult
or impossible to analyze by other methods because of the
molecule's thermal lability, involatility, charge, state or mass.
This objective requires both the identification of intractable
molecules from biological or synthetic sources and, possibly,
quantification of such molecules. A second objective is the
continued development of the instrumentation used for these
measurements. Finally, they seek to apply these new
methodologies to biomedically important areas, such as
identification and quantification of the metabolism of endogenous
molecules and characterization of peptides.

Mass Spectrometry of Proteins The group has now completed a
mult-year effort to develop an electrosprav ionization mass
spectrometer system for the purpose of determining molecular
weights of large molecules with an accuracy and precision orders
of magnitude greater than is possible by other techniques.
Essentialy, a heated metal capillary transports and desolvates
multiply charged droplets formed in the atmospheric pressure
electrospray. The desolvated multiply charged ions are delivered
to a quadrupole mass analyzer. Preliminary results include
spectra of insulin (mw approx. 5700 Da) , cytochrome c (mw
approx. 12600) and carbonic anhydrase (mw approx. 29,000). As
individual molecular ions are detected, a rich heterogeneity in
protein molecular weights was revealed, due to multiple
degeneracy of naturally occuring iosotopes for the constituent
C,H,0,S,and N. Thus, a single mRNA sequence gives rise to a
family of proteins, depending upon which amino acids are present
in the cell. Since isotopic effects are sometimes seen when
labelling biologically active compounds, it is possible that
different proteins with the same sequence but differing molecular
weights could have different activities.



Molecular weight determinations from deconvoluting the
envelope of multiply charged ion species have been quite
satisfactory to date. Cytochrome c has an envelope of peaks
containing between 10 and 17 charges at m/z values ranging from
728 to 1376.5, corresponding to a molecular weight of 12,362.2 ±
8.8 Da compared to the sequence-derived value of 12,360.9. This
is a relative standard deviation of 0.1% and a relative accuracy
of 100 ppm, far exceding any previous method for protein
molecular weight determination. Fragmentation of the large
molecules is virtually nil as a consequence of the adiabatic
cooling of the multiply charged species as they are desolvated
and introduced to the ion optics of the system. This technique
should prove especially useful for characterization of similar
peptides that have functional group differences or small
differences in molecular weight. The technique should be capable
of being interfaced to low rate separation techniques such as
packed capillary columns or capillary zone and gel
electrophoresis. Ultimate sensitivities appear to be in the
range of 50-100 fmole.

Hormone Mass Spectrometry Sensitivity of electrospray has been
investigated with a small molecule, 1,25- (OH) 2 vitamin D,
measured with a signal-to-noise of >10:1 for a sample flowing at
5 fmole/min. This represents an improvement of about 400:1
compared to thermospray for this molecule. Thermospray is still
very useful for analysis of small (mw < 750 Da) molecules
because it allows the use of standard chromatographic separations
and usually requires no chemical modification of the analyte
molecule prior to injection. Routine single ion monitoring
sensitivities are in the range of 10 pmole, with full scan
sensitivities "50-fold lower.

Endogenous and Exogenous Hormone Kinetics in Humans A number of
quantitative stable isotopic tracer methods for the determination
of metabolic rates of endogenous molecules have been developed.
Since these tracers are non-radioactive, virtually the entire
population is available for study, and in fact accessible to
multiple, repeat study because the tracers used pose no hazards
to health. Studies of possible changes in daily Cortisol
production rate in children being treated with glucocorticoids
are being undertaken in collaboration with Robert Lipnick of
Children's National Medical Center. An hypothesized reduction in
endogenous production rate of Cortisol as a function of
therapeutic levels of the glucocorticoids will be studied. In a
second protocol, the endogenous production rate of 25-OH vitamin
D in healthy adults will be determined in order to characterize
this quantity more completely. Future protocols include
characterization of growth factors, characterization of abnormal
forms of collagen encountered in osteogenesis imperfecta and
characterization of spectra on a series of peptide growth factors
that have been shown to be of importance to the local regulation
of bone accretion and resorption, specifically: growth hormone,



transforming growth factors (known to exist in three forms of

uncertain relationship) , insulin-like growth factors and tumor
necrosis factor.

Calcium Metabolism Continuing their long-term project of calcium
meabolism in humans, the section has elucidated metabolic
kinetics for calcium in populations that are inaccessible to
study with radiotracers, particularly children and women of
childbearing age. To date this objective has been met by studies
of absorption and distribution of calcium in healthy infants and
children, in children with diseases suspected of altering calcium
metabolism and in healthy women in altered states of calcium
metabolism such as pregnancy and lactation.

The major methodology used employs two different stable
calcium isotopes as tracers. They are given simultaneously at

the start of the study, one orally, one intravenously. The use
of two tracers permits the direct determination of several
important parameters of calcium metabolism, principally the
fraction of dietary calcium absorbed and the rate of transfer of

calcium from plasma into the gastro-intestinal tract (endogenous
fecal excretion) . Samples of plasma, urine and feces are
analyzed for time-dependent changes in the natural calcium
isotope ratios using thermal ionization isotope ratio mass
spectrometry. The isotope ratio data, coupled with independent
measurements of total calcium excretion in urine and feces, are
used to calculate absorption and excretion rates as well as

mixing kinetics and metabolic fluxes. Both compartmental and
non-compartmental , sum of exponential, and linear models are used
as the theoretical bases for these calculations.

Pre-Eclampsia Preliminary results from a study of calcium
absorption in pre-eclampsia show that in 5 subjects with moderate
to severe pre-eclampsia, bp 150/110, 1+ to 3+ proteinuria, an
approximately 13% percent reduction in calcium absorption is

exhibited compared to 3 normotensive controls.

Barrter's Syndrome A study of calcium absorption in 3

children with Barrter's syndrome has shown that children with
this disorder exhibit increased absorption of dietary calcium
relative to normal controls (average fractional absorption =

0.705 ±.146 vs .297 for controls). This elevated absorption
diminished to an average value of 0.392 ± .173 when patients were
placed on indomethacin therapy. The group found that, for
subjects with Barrter's syndrome, the urinary calcium of dietary
origin returns to levels no different from those seen in normal
children after indomethacin treatment. This is significant since
total urinary calcium levels in these treated children remain
elevated relative to normal values. The conclusion is that bone
demineralization is making a substantial contribution to urinary
calcium levels in these children. Yergey's technique potentially
could supplant the calcium loading test as a measure of systemic



response to dietary calcium.

Hypoqonadal Adolescence Calcium absorption and distribution
in hypogonadal adolescent males: results from the first 2
subjects of a planned group of 5, have been obtained. Studies
were performed prior to intervention and after a treatment
consisting of 2 injections of lOOmg testosterone enanthate spaced
3 weeks apart. These studies show an average 40% increase in
calcivom absorption coupled with a similar increase in bone
accretion rate. These results are consistent with similar
observations of increased protein synthesis rate determined from
measurements of leucine metabolism and glutamate oxidation done
simultaneously with the calcium studies. These studies represent
the first in any subjects to tie together changes in protein
synthesis and calcium metabolism.

Pregnancy and Lactation A subject studied during the third
trimester of a pregnancy, during lactation and serving as a
control six months after weaning the infant show a calcium debit
of about 20 g to the maternal skeleton during the 3rd trimester
despite a 50% increase in fractional absorption of dietary
calcium during this period. In addition, despite the well
recognized combination of renal conservation of calcium and
normal levels of absorption during lactation, this subject showed
a loss of calcium of the order of 5 g/month. The combination of
these two effects led to a total debit to the maternal skeleton
of about 5% during pregnancy and lactation. There is some
suggestion of a similar effect observed by photon absorptiometry
measurements. Is this phenomenon of maternal skeletal debit a
common one? If so, is there a period after the cessation of
weaning where compensation for this debit occurs? The section
has undertaken a set of studies of calcium metabolism in
pregnancy and lactation in order to address these questions.

Instrument Development . An alternative to thermal
ionization mass spectrometric analysis for measurement of metal
isotope ratios is under development. The basis of the study,
undertaken collaboratively with Vestec Corp, is the use of laser
desorption time-of-flight mass spectrometry. In this approach, a
metal salt coated onto a sample planchette is illuminated, in
vacuuo, by a nitrogen laser with sufficient power to desorb and
ionize the metal ions, which are mass analyzed before the next
laser shot. By obtaining an adequate number of ions at minor
isotopic masses, it should be possible to accurately determine
natural abundance isotope ratios to permit detection of in about
1% changes of minor isotopes. Preliminary results show that
reasonable response can be obtained for Ca, but more importantly,
these same reasonable preliminary results have been obtained for
Mg, Zn, Fe and Cu, metals which are very difficult and tedious to
measure by thermal ionization.

An overall understanding of the developmental aspects of

8



calcium absorption, excretion and distribution to bone as
functions of development in humans is emerging as a consequence
of all of these studies. The results of these studies, when
coupled with previous work of this laboratory, can be used to
interpret abnormalities of calcium metabolism in therapeutically
useful ways. For example, the pre-eclampsia study suggest an
impaired ability to absorb calcixom with this condition at a time
of maximal need for external calcium input to the body. If these
results are confirmed with a larger niimber of subjects, then
determination of the amount and effectiveness of supplemental
calcium, particularly in women at risk, can be determined using
this methodology.

The Section on Macromolecular Analysis, under the direction
of Andreas Chreunbach, has as its goal to develop a rational,
systematic approach to separating biological macromolecules. By
understanding the physics underlying separation science, they
hope to develop automated approaches to separation science. In
doing so, they are expanding the usefulness of gel
electrophoresis for sepatation and analysis of physical
parameters of macromolecules. Development of electrophoretic
separation methods for biological macromolecules and subcellular
particles, using separation theory and physical properties of
polymer media to predict optimally resolving conditions for the
particular application, and size, conformation and surface charge
of particles on the basis of their electrophoretic mobilities.
In practice, these aims are realized through the incorporation of
the relevant rationales for methods' optimization and physical
characterization into user-friendly computer programs. This
year's work aimed at a) the detection and characterization of
bent and superhelical DNA by transverse pore gradient gel
electrophoresis; b) an objective evaluation of the efficiency of
molecular sieving of DNA in various polymer solutions and polymer
chain lengths; c) separations of large DNA by molecular sieving
in polymer solutions.

To better understand the mechanics of electrophoretic
migration of macromolecules, a computer modeling system capable
of reproducing the electrophoretic behavior of several
conformational classes of macromolecule in several types of three
dimensional gel matrices has been developed by David Wheeler.
The completed computer modeling system may also prove useful in
predicting hitherto unrecognized electrophoretic phenomena.

DNA Bending, Stretching, and Coiling The detection of DNA
bending because of differential mobility at different gel
concentrations was postulated and tested using a known bent DNA
kinetoplast fragment. A novel program was written to determine
3-dimensional structures of DNA sequences. The experimental data
showed that 3 out of 4 of its restriction fragments were curved,
and a fourth was straight. Since DNA bending is believed to be
of importance in the regulation of gene expression, the ability



to characterize DNA bends may provide insight into the mechanics
of gene regulation. The hope is to construct a catalog of
abnormally migrating DNA species and the mathematical function by
which they can be detected after determination by transverse pore
gradient gel electrophoresis. The group found a previously
unknown class of abnormally migrating DNA or of "bending".
Computer modeling of the sequences under study shows that this
new class of "bending" is characterized by a central "knot" with
bilateral wing-like curvature in the DNA fragment. The new
technique presents a detection method for such DNA conformations.
This finding provides evidence for the polymorphism of DNA
bending and an assay capable of discriminating between two
different abnormalities. Correlations to sequence are in
progress. To explore the reflection of DNA supercoiling on the
shape of the Ferguson curves in transverse pore gradient gel
electrophoresis, four topoisomers obtained from plasmid DNA of
2.7 kb by treatment with topoisomerase I give rise to Ferguson
curves which intersect with those of linear standards. The DNA
lengths of these species calculated relative to linear DNA
standards increase with agarose concentration. This increase,
compared to the constancy of lengths for linear standards,
provides a test for DNA supercoiling.

It is known qualitatively that stretching of DNA increases
with increasing polymer concentration in solutions and gels of
both polyacrylamide and agarose. A new method was developed to
analyse the non-linearities in mobility thought to be due to this
stretching. Combined with measurements on DNA ladders, one could
now monitor such stretching under conventional conditions of
electrophoresis by means of simple mobility measurement and
computational analysis. The stretching of DNA is of fundamental
importance for the choice of separation procedures and
conditions.

Large DNA is nearly universally prepared as an agarose plug
to prevent its spontaneous fragmentation. To see if DNA derived
from an agarose plug is always associated with agarose, and
therefore has a molecular size much larger than expected from its
polynucleotide sequence, DNA electrophoresis was monitored in
narrow tubes by epifluorescence and light microscopy. Only
agarose-DNA complexes were seen, despite treatment of the plugs
well above the melting temperature of agarose, even if digested
with agarase. The DNA moieties in the migrating complex remained
immobilized. Moreover, human DNA fragments (0.01 to 1 Mb in
length) in the absence of agarose appear unstable under the
conditions of electrophoresis in polyacrylamide solution used.
The finding of an interaction of large DNA with uncrossl inked
polyacrylamide appears to be of great importance for molecular
sieving methods in liquid polymer media in general. It forces us
to investigate whether this interaction - modifying the size of
DNA - occurs specifically with polyacrylamide and only under
specific conditions, or also with the other polymer media

10



employed in molecular sieving of DNA.

An improved discontinuous buffer system was developed to
allow reduced gel concentrations necessary for unstacking
alleviates the spreading of DNA bands migrating behind the moving
boundary front. The characteristic relative mobility values (Rf)

of those bands are far less sensitive to field strength variation
than the migration rates in single buffers. The system shares
with previously described ones the ability to concentrate the DNA
sample, sharpen the bands, and be independent of salts in the
sample. These properties of the system render it useful for a
numerical and statistical evaluation of DNA bands, pattern
acquisition, storage and retrieval by computer.

Liquid Polymer Electrophoresis Dr. Chrambach's group developed
two new ways of systematizing separation. First, a separation
efficiency function, S, was derived to distinguish various
polymer media applied to molecular sieving. Function S also
predicts separation at a desired polymer concentration.
Separation efficiency of polymer media decreases with molecular
size in the range investigated (up to 2 micra diameter) . It
decreases in the order of agarose to polyacrylamide to polyvinyl
alcohol to methyl-hydroxypropyl-cellulose solutions. Second,
they determined the effect of varying the relative molecular size
of the seiving material and the macromolecules to be separated.
Retardation of lambda phage DNA (48 kb) increases with increasing
Mw of polyacrylamide in the size range of 0.6 to 18 x 10^

Daltons. However, the range of polymer concentrations available
for separations decreases above 5 x lo' Mw, making that size of
polymer the practically optimal one to use. The results suggest
that molecular sieving is most effective when particle and
polymer sizes are equivalent. Using capillaries of this polymer,
DNA of 23, 38 and 48 kb in length separated on the basis of size
best at polymer concentrations below 0.25%, and poorly yet
significantly at higher but more practical concentrations.

Capillary Electrophoresis With Mark Garner, the group has been
adapting capillary zone electrophoresis (CZE) to the needs of
molecular biology. Electro-kinetic injection of a mixture of DNA
fragments of various sizes was discovered to result in a severe
bias in the population distribution of DNA. A DNA fragment 123-
150 bp long is injected almost ten times more efficiently than
fragments longer than ca. 1000 bp. Polydisperse chromatin DNA
was worse, with the mono-nucleosomal fraction being virtually the
only species injected. Injection using hydrostatic pressure show
no such bias, yielding an electrophoretic profile similar to that
obtained by slab gel electrophoresis.

Gal Repressor Dehydration Loops DNA Mark Garner has led a study
of the binding of gene regulatory proteins to DNA. Understanding
the forces responsible for the stability of protein-DNA
complexes, and the protein-protein interactions occurring between

11



DNA-bound proteins, will give significant insight into the
regulation of gene expression during cell signalling and
development. Equilibrium constants for the gal represser-
operator association are measured as a function of osmotic
pressure. Osmotic stress allows a protein-mediated loop
structure to form, which has been predicted to occur but has
hitherto evaded detection. Approximately 25 water molecules are
taken up when a gal repressor molecule binds to an operator,
suggesting a protein conformational change upon DNA binding.
Conversely, about 100 water molecules are released when a second
protein molecule binds, consistent with the two protein molecules
binding together and hiding a large hydrophobic surface area,
while they loop the DNA.

Microfluorometric measurements and filter hybridization
experiments have been carried out by Nick Rampino to study the
distribution and repair of cisplatin-DNA adducts within the human
genome. Using the proofreading activity of T4 polymerase, he
developed assays that may be useful in selecting optimal drug
dose and for quantifying gene-specific repair rates in patients
undergoing treatment. In addition, atomic force microscopy of
oriented fibers of DNA has been developed to study how cisplatin
influences the structural properties of condensed DNA.
Supramolecular assembly of DNA molecules into individual 1 micron
diameter fibers can be laid down directly on mica and imaged.

12
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1) Bending of an abnormally retarded 219 bp kinetoplast (Crithidia fasciculata) DNA fragment and al

of its restriction enzyme digestion products predicted by computer modeling of the sequences was
demonstrated by transverse polyacrylamide pore gradient gel electrophoresis. A 3-dimensional plot of

[mobility vs gel concentration vs DNA length] separates bent DNA fragments from a surface pertaining

to linear standards. 2) Mobilities of abnormally retarded DNA fragments (135 and 165 bp) from the

upstream activator sequence of the rrnB-Pl promoter (E. coli) in transverse polyacrylamide pore

gradient electrophoresis parallel those of linear standards. Computer modeling of these sequences anc

their restriction fragments reveals a central "knot" with bilateral wing-like curvature, not the

monotonic curvature reported in section 1). This finding demonstrates the existence of two classes of

DNA fragments with abnormal retardation, one dependent, the other independent of gel concentration

3) Transverse agarose pore gradient electrophoresis of four topoisomers of a 2.7 kb plasmid DNA
obtained by treatment with topoisomerse I) exhibits an increase of apparent DNA length with ge
concentration relative to linear standards, thus providing a test for DNA supercoiling. 4) Application
of the Ogston model of electrophoretic migration through gels to DNA fragments allows one to

interprete the concave plot of log(DNA mobility) vs gel concentration for DNA fragments up to 23 kb
in length, in terms of a semihyperbolic decrease of the equivalent radius of the DNA molecule with

uncrosslinked polyacrylamide concentration and a corresponding but shallower decrease of radius with

agarose concentration, demonstrating and quantitating DNA deformation by gels. 5) Quantitative
comparison of separation efficiency of four liquid sieving media for a range of particle radii up to

1,000 nm decrease from agarose to polyacrylamide to polyvinyl alcohol to

methylhydroxypropylcellulose solutions. 6) Retardation of lambda DNA increases with the molecular

weight of uncrosslinked polyacrylamide (0.6 to 18 million). Since the range of retarding polymer
concentrations also varies, the polymer of 5 million molecular weight presents the optimal sieving

medium. 7) Epifluorescence microscopy of DNA, loaded as an agarose plug heated above the gelling

temperature, demonstrates the migration of anagarose-DNA complex during electrophoresis in

uncrosslinked polyacrylamide solution. 8) DNA electrophoresis in horizontal slab apparatus was
developed, using an improved discontinuous buffer system. 9) Separation of DNA of 10 to 50 kb in

length by capillary electrophoresis in polyacrylamide solution. 10) Computer simulation of molecular

sieving as envisaged by the Ogston model in application to linear and bent particles in the size range

of DNA.
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1. Preliminary results from a study of calcium absorption in pre-eclampsia show that in 5 subjects
with moderate to severe pre-eclampsia, bp 150/110, 1+ to 3+ proteinuria, an approximately 13%
percent reduction in calcium absorption is exhibited compared to 3 normotensive controls. 2. A
study of calcium absorption in 3 children with Barrter's syndrome has shown that children with this

disorder exhibit increased absorption of dietary calcium relative to normal controls (average
fractional absorption = 0.705 ±.146 vs .297 for controls). This elevated absorption diminished to an
average value of 0.392 ± .173 when patients were placed on indomethacin therapy. We have
observed that, for the subjects with Barrter's syndrome, the urinary calcium of dietary origin

returns to levels no different from those seen in normal children after indomethacin treatment.
This is significant since total urinary calcium levels in these treated children remain elevated
relative to normal values. The conclusion is that bone demineralization is making a substantial

contribution to urinary calcium levels in these children. 3. Calcium absorption and distribution in

hypogonadal adolescent males: results from the first 2 subjects of a planned group of 5, have been
obtained. Studies were performed prior to intervention and after a treatment consisting of 2
injections of lOOmg testosterone enanthate spaced 3 weeks apart. These studies show an average
40% increase in calcium absorption coupled with a similar increase in bone accretion rate. These
results are consistent with similar observations of increased protein synthesis rate determined from
measurements of leucine metabolism and glutamate oxidation done simultaneously with the calcium
studies. 4. A subject studied during the third trimester of a pregnancy, during lactation and serving
as a control six months after weaning the infant show a calcium debit of about 20 g to the maternal
skeleton during the 3rd trimester despite a 50% increase in fractional absorption of dietary calcium
during this period. In addition, this subject showed a loss of calcium of the order of 5 g/month
during lactation.
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We have developed an electrosprav ionization mass spectrometer system for the purpose of
determining molecular weights of large molecules with accuracy and precision greater than is

possible by other techniques. The approach we took was to use a 500 um ID x 30 cm long heated
metal capillary for transport and desolvation of multiply charged droplets formed in the atmospheric
pressure electrospray. The capillary output was coupled into a 2 stage pressure reduction system
that delivered desolvated multiply charged ions to the quadrupole mass analyzer.

Preliminary results with this ionization source include spectra of insulin (mw approx. 5700 Da),

cytochrome c (mw approx. 12600) and carbonic anhydrase (mw approx. 29,000). Molecular weight
determinations from deconvoluting the envelope of multiply charged ion species have been quite

satisfactory to date. We have observed cytochrome c to have an envelope of peaks containing

between 10 and 17 charges at m/z values ranging from 728 to 1376.5 Da. From these observations,

we have calculated the molecular weight to be 12,362.2 ± 8.8 Da compared to the accepted value of

12,360.9. Our determinations represent a relative standard deviation of 0.1% and a relative accuracy
of 100 ppm.

Sensitivity of this approach has been investigated with a small molecule, l,25-(OH)2 vitamin D. We
found that it was possible to obtain a response with signal-to-noise of > 10:1 for a sample flowing at

5 fmole/min. This represents an improvement of about 400:1 compared to thermospray for this

molecule. Immediate application of these results await the development of an appropriate LC/MS
interface for electrospray.
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This project has been terminated.
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The binding of a gene regulatory protein to DNA brings together two
complementary surfaces, each of which interacts with water and ions
in solution. When the two macromolecules bind, some of these
interactions with the milieu are lost, and new interactions with the
complementary surface are formed. This makes the extent of binding
very sensitive to solution conditions. In addition, DNA-mediated
protein-protein interactions (e.g. DNA looping), are an important
part of the biological activity of most transcriptional regulators.
Varying the solution oncotic pressure (by adding high concentrations
of an excluded solute) allows one to determine the effect of surface
hydration of both protein and DNA on complex formation. This allows
one to determine the total number of water molecules released in
the binding reaction, which should be related to the amount of
surface area of both protein and DNA occluded in the complex. Such
insight into the hydration of both surfaces before and after
complexation is important for understanding the sources of stability
and specificity of a protein-DNA complex.
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We have continued to characterize the fusion pore which initiates exocytosis. Using beige mouse
mast cells, electron microscopy, and electrophysiology, it is possible to determine the sequence of

events during exocytosis. After stimulation, a dimple in the plasma membrane forms a small

contact area with secretory granule membrane. Within this zone, which has no ordered

proteinaceous specializations, a small fusion pore forms which widens rapidly to 1 nS in

conductance. Thereafter, the fusion pore remains at semi-stable conductances between 1 and 20 nS
for a wide range of times, between 10 and 15000 ms. These conductances correspond to pore

diameters of up to 25 nm. Ultrastructural data show small pores of hourglass morphology
composed of biological membrane coplanar with both the plasma and granular membranes. Later,

the fusion pore rapidly increases in conductance, consistent with the observed morphology of

omega-figures. Channel-like fluctuations were not seen. Since the morphology of small pores

show contiguous fracture planes, the electrical data represent pores which contain lipid, consistent

with our previously proposed model of lipid/protein complexes mediating fusion.

To better understand the role of fusion protein structure in fusion pore structure, we have been

developing expression systems for fusion proteins. The baculovirus\insect cell system was tested,

and discovered to have a very active, pH-dependent fusion activity. Only a 10 second pulse of

acidic medium is needed to trigger syncytia formation. Dye transfer, capacitance changes, and
morphological changes are readily detected. This new system is very convenient for studying pH
activated cell-cell fusion. We have begun electrophysiological studies to characterize fusion pore

development in this system.

To fully investigate biological membrane fusion, we have initiated two projects to purify

membrane proteins mediating GTP-triggered rat liver microsome-microsome fusion and the sea

urchin cortex, based upon inhibition of membrane fusion by covalent modification. We are also

studying the massive fusion of cytoplasmic membranes at the end of mitosis.

PHS 6040 (Rev. 5/92)





DB>ARrMB^ OF HEALTH AND HUMAN SBfACES - PUBUC HEALTH SeMCE
NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 01413-02 LTPB

PERIOD COVERED
October 1, 1991 to April 30, 1992

TTTLE OF PROJECT (80 characters or lass. Trtle must fit on one line between the borders.)

Microscopic Analysis of Drug Induced Alterations in DNA

PRINCIPAL INVESTIGATOR (List other professional personnel below the Principal Investigator.) (Name, title, laboratory, and instttute

PI: N.J. Rampino NRC Research Associate LTPB, NICHD

COOPERATING UNfTS (if any)

LMP NCI (V. Bohr), DCT NCI (P. Johnston), NIDDK (S, Leikin and D. Rau) , LCB, DCD
(B. Kachar), Georgetown University, School of Medicine, Radiology Branch
(C. Obcemia).

LAB/BRANCH
Laboratory of Theoretical and Physical Biology

SECTION
Section on Macromolecular Analysis

INSTITUTE AND LOCATION
NICHD, NIH, Bethesda, MD 20892

TOTAL STAFF YEARS:

0.7
PROFESSIONAL OTHER:

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects D (b) Human tissues Q (c) Neither

D (a1) Minors
n (aP) IntervifiWR

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

Microfluorometric measurements and filter hybridization experiments
have been carried out to study the distribution and repair of
cisplatin-DNA adducts within the human genome. Using the
proofreading activity of T4 polymerase, in vitro assays have been
developed that may be useful in selecting optimal drug dose and for
quantifying gene specific repair rates in patients undergoing
treatment. Digoxigenin labeled nucleotides are being used to
microfluorometrically study DNA repair dynamics in hviman cells.

Microscopic measurements of intramolecular lengths, angles and
fluorescent density distributions of DNA molecules have been used to
quantify their elastic properties. In addition, atomic force
microscopy of oriented fibers of DNA has been developed, in parallel
with the epifluorescence microscopy studies, to study how cisplatin
influences the structural properties of condensed DNA.
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We have developed simple light scattering assays and fluorescent dye
transfer assays to follow membrane fusion reactions. Using these
assays we have studied the molecular machinery that mediates calciun
triggered exocytosis in sea urchin eggs. We find that isolatec
exocytotic vesicles are capable of fusing with other vesicles as well
as with liposomes. Thus, components (excluding lipids) residing or
the vesicles are required in only one of the two fusing membranes
Granule-liposome fusion is specific for calcium; approximately 9.3 ml*

magnesivun does not support fusion. Vesicle-liposome fusion does not
require any added cytoplasmic proteins or organic factors. Ir
addition we find that this calcium triggered fusion reaction can be
inhibited by pre-treatment of the vesicles with NEM. Thus we believe
that at least part of the fusion mechanism is mediated by proteins.
There is no apparent phospholipid requirement in the target membrane,
but cholesterol appears to facilitate fusion.

One important conclusion of our study is that exocytosis, a process
thought to be complex, requiring a menagerie of soluble cofactors,
turns out to work, like viruses and sperm, with fusion proteins ir
only one membrane.
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We study the mechanisms of the fusion of two biological membranes
into one, which is one of the most universal processes in cell
physiology. Proteins mediate membrane fusion in exocytosis,
intracellular trafficking, and enveloped viral infection, via
unknown rearrangements of lipid bilayers. To find out the possible
role of membrane lipids in the regulation of these processes we
have studied diverse fusion processes including Ca++-triggered
cortical exocytosis, GTP-gamma-S -triggered mast cell degranulation
and GTP-dependent rat liver microsome - microsome fusion. We have
found one class of naturally occurring membrane phospholipids -

lysolipids - that acts as a potent inhibitor of membrane fusion in
all experimental systems studied. Inhibition was reversible, did
not correlate with lysis and could not be attributed to any
specific chemical moiety of lysolipids. Fusion was arrested at a
stage preceding fusion pore formation. Our results reverse the
long-held view that lysolipids promote biologically significant
fusion and suggest that highly bent "stalk" intermediates, which
favor lipids of the molecular shape opposite to that of lysolipids,
are common in disparate fusion processes. Because lysolipids are
tightly regulated biological compounds, it is intriguing to
speculate that cells control local lysolipid concentrations to
regulate fusion processes.
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SUMMARY OF WORK
The E. coli umu operon encodes two mutagenic proteins (UmuD,C) which facilitate bypass of lesions

by DNA polymerase during replication of damaged DNA. Functional homologues of UmuD,C, e.g.,

MucA,B, are found on naturally occuring plasmids. We found that the post-translational processing

of UmuD protein to its mutagenically active form, UmuD', is relatively inefficient. MucA, which is

highly mutagenic, is processed very efficiently. UmuD and UmuD' proteins physically interact with

RecA protein, and this interaction may provide a mechanism by which the Umu proteins are targeted

to DNA lesions. Construction of a AiumuDC) mutation showed that the Umu D,C proteins, normally

required for inducible mutagenesiis, are not essential for cell survival. Bacterial strains carrying the

deletion have been constructed which permit the rapid cloning of umuDC-Vike genes. We have also

studied the recognition and removal of mammalian DNA lesions. In primate cells, we identified,

characterized, and determined the primary sequence of, a novel nuclear UV damage-specific DNA
binding (UV-DDB) protein. This protein, of relatively recent evolutionary origin, is inducible to high

levels by UV. The UV-DDB protein may be involved in early steps of DNA repair (e.g., lesion

recognition) based on its high affinity for UV damaged DNA in vitro, its regulation by UV light in

vivo, and its absence in some patients with the heritable UV repair deficiency, xeroderma pigmentosum

(group E). We have cloned and sequenced the gene encoding the UV-DDB protein; a structural defect

in this gene may be responsible for XP-E. In studies on DNA replication, we utilized the DNA virus,

SV40. The role of the SV40 oncogene, large T antigen (Tag) is well known in viral and cellular DNA
replication. However, a second SV40 gene product, small t antigen (t), is enigmatic. This protein is

required for Tag-mediated induction of cellular DNA replication and transformation when nondividing

cells are infected by SV40, but t is not required in proliferating cells. We have identified a biochemical

function for t: It inhibits Tag-mediated viral DNA replication in vitro. We also found that tA mutants

transform rapidly proliferating cell types (e.g., lymphocytes), but not cells with a low proliferative rate

(e.g., fibroblasts). Small t may, by inhibiting the cellular phosphatase, PP2A, alter the phosphorylation

state of Tag required for its roles both in viral and cellular DNA replication. Tag is also known to bind

and inactivate several antioncogene products, e.g., Rb, p53, and p300. This interaction may also be

affected by t.
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Nerve growth factor (NGF) is one of the longest known and best characterized of the peptide growth factors.

The initial studies on NGF demonstrated that it was required for the survival of sympathetic and sensory

neurons. It is now known, as well, to influence the development of a wide variety of cell types, including

certain neurons in the central nervous system, the chromaffin cells of the adrenal medulla, and a number of

tumor cells. The actions of NGF on these different cells are not necessarily the same, but they are all

initiated by the binding of the peptide to specific, high-affinity receptors on the cell. The binding of NGF tc

its physiologically-responsive receptor, now known to be the protein product of the trk oncogene, initiates a

number of intracellular actions that lead to alterations in the function of key proteins in the cell and to

changes in the expression of specific genes. These changes in protein function and in gene expression are

the mechanism by which NGF exerts its developmental effects on the cells. These biochemical changes have

been studied, in large part, in PC12, a cell line derived from a tumor of the rat adrenal medulla. This cell

line represents one of tiie most informative differentiating systems available. In the presence of NGF, PC 12

cells stop dividing, elaborate neurites, become excitable and, go from a rapidly dividing chromaffin cell to a

terminally differentiated sympathetic neuron in a few days. With this system it is possible to ask questions

about how NGF acts, not only at the biochemical level, but also how it produces such global changes in the

cell phenotype. It has been established that the actions of NGF are mediated by changes in the

phosphorylation of key proteins in various compartments of the cell, including the nucleus. These

phosphorylative changes are accompanied by changes in the function of these proteins. One of the functional

changes that may be part of the mechanism by which the cell survives is an NGF-induced change in the

ability of the cell to take up calcium, since neuronal survival appears to be fostered by increased intracellulai

calcium. Another functional change that may be part of the mechanism by which the cell is instructed to

stop dividing is an NGF-induced decrease in the number of mitogen receptors on the cell surface, since such

receptors regulate the ability of mitogens to promote cell division. It is reasonable to expect that a detailec

knowledge of how NGF acts in this system will illuminate the overall mechanism of neuronal differentiation

and survival. This, in turn, could provide insights into disease states in which neurons either develop

inappropriately or die prematurely.

PHS 6040 (Rev. 5/92)
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Project Description

Objectives :

The overall purpose of these studies is to provide an understanding of the biochemical, molecular, and

biological actions of nerve growth factor (NGF). It is important to gain such an understanding for a

number of reasons. First, the actions of nerve growth factor cause the differentiation of many of its

targets and information on how it works may shed light on the mechanics of neuronal differentiation and

on the process of cell differentiation in general. Second, nerve growth factor is the lead member of a

newly described class of factors called neurotrophins, members of which may have profound actions in

all parts of the nervous system and an understanding of the actions of NGF may point the way to an

understanding of the actions of the others. Third, the actions of nerve growth factor in promoting the

survival of certain of its target neurons may provide information of clinical value in cases where neurons

die prematurely, such as in Alzheimer's Disease and Parkinson's Disease, or where neurons are damaged

by tiieir environment, such as in cases of stroke or peripheral neuropathies. Finally, since the actions

of nerve growth factor on many of its targets are to decrease cell division, an understanding of the

mechanism by which it acts may provide clues as to how the alternate cellular fates, differentiation and

division, are controlled, not only in normal cells, but in the several tumor cells on which nerve growth

factor acts.

The approach taken in this laboratory has a number of separate, but related foci. First, we are interested

in the reactions immediately following the combination of nerve growth factor with its receptor. These

experiments involve an identification of the second messengers generated by such a combination and an

exploration of the biochemical reactions that control their levels. Second, we are concerned with the

interaction of these receptor-level events with the protein phosphorylation reactions in the cell. Here we

attempt to construct and dissect cell-free systems that reflect the actions of nerve growth factor on the

whole cell. Third, we are involved in studies that explore the changes in the expression of specific genes

accompanying the nerve growth factor-induced changes in the properties of the cells. In these

experiments we make use of molecular biological manipulations to alter the expression of specific genes

and to observe the influence of these changes on the actions of nerve growth factor. Finally, we are

attempting to understand how these biochemical and molecular changes alter the phenotype of the cell.

In these studies we try to determine such things as the role of nerve growth factor-induced calcium uptake

in the survival of the cell or the role of nerve growth factor-induced decrease in protease levels in the

formation of neurites. The overall aim is to understand how nerve growth factor acts in biochemical,

molecular, cellular, and clinical terms.

Methods Employed :

The methods used include the standard techniques of cell culture and synchronization, largely with the

nerve growth factor-responsive cell line PC12. A small number of experiments are carried out with

cultured superior cervical ganglia from neonatal rats and with cultures of hippocampal neurons from fetal

rats. Cell fractionation and enzyme assay are done routinely. Enzyme purification relies heavily on the

use of high-pressure liquid chromatography (HPLC) and fast protein liquid chromatography (FPLC).

Protein phosphorylations and ADP-ribosylations are analyzed by polyacrylamide gel electrophoresis,

either in SDS or acid-urea buffer systems, and phosphopeptide mapping is carried out by two-dimensional

analysis or by HPLC. Peptide sequencing has permitted the identification of proteins, the phosphorylation

of which is altered in nerve growth factor-treated cells. Polyclonal antibodies are prepared against

proteins purified in the laboratory or against peptide sequences of interest prepared synthetically. These





antibodies are also used to detect, by Western blotting, or to isolate, by immunoprecipitation, proteins

of interest. Commercial antibodies are frequently used immunohistochemically to localize proteins of

interest in or on cells. Various proteins are radioiodinated in order to measure the binding of these

ligands to their specific receptors on the cell surface. Antibodies or specific toxins are introduced into

cells using electroporation, or by permeabilization of the cells with mild detergents. Radioactive ligands

have been used to evaluate the role of specific calcium channels in the actions of nerve growth factor and

fluorescent intracellular calcium-binding dyes have been most valuable in the evaluation, by fluorescence-

activated cell analysis, of the effects of growth factors on channel function. Various combinations of

transfection or infection are employed to introduce specific genetic elements into the cells in order to

evaluate their roles in the differentiation produced by nerve growth factor. The use of anti-sense probes

has allowed the deletion of selected proteins. Nucleic acid hybridizations have been of great value in

studying, on Northern blots, the patterns of gene expression following treatment of the cells with different

growth and differentiation regulators.

Major findings :

Our continuing effort to elucidate the molecular events mediating the actions of nerve growth factor on
its target cells has led to the following specific advances during the past year.

1) We have found that nerve growth factor alters the uptake of calcium into PC12 cells,

stimulating it strongly when the calcium levels in the cells are relatively low and affecting

it minimally or even inhibiting it when calcium levels are high. These data have led to

the hypothesis that the ability of nerve growth factor to keep certain classes of neurons

alive is due to its ability to raise intracellular calcium levels. Further, it has been

possible to suggest that when intracellular calcium levels are increased by ischemic shock

or by hypoglycemic insult, nerve growth factor can prevent neuronal damage or death

by lowering these excessive calcium levels.

2) We have found that the protein product of the protooncogene B-raf is phosphorylated

following treatment of PC 12 cells with nerve growth factor, a treatment that causes the

cells to elaborate neurites. Introduction of a probe coding for the anti-sense message for

B-raf deletes the B-raf protein from the cells and produces a form of neurite outgrowth.

These data have led to the suggestion that neurite outgrowth is facilitated or even

permitted by either the phosphorylation or the removal of B-raf.

3) We have found that the DNA-binding domain of the transcription factor NGFI-B is

phosphorylated by extracts of nerve growth factor-treated PC12 cells. Further, we have

seen that this protein fragment can be phosphorylated by a number of purified protein

kinases. The analysis of this protein sequence by phosphopeptide mapping and two-

dimensional gel electrophoresis has provided information about the nature of the kinase

in PC12 cells responsible for the phosphorylation. These data have led to the suggestion

that the phosphorylation of this protein controls its ability to bind to DNA.

4) We have found that the differentiation of PCI2 cells produced by nerve growth factor is

accompanied by a decrease in the activity of the enzyme calpain, frequently implicated

in the turnover of structural proteins. Further, we have seen that this decrease is caused

by an increase in the activity of the specific inhibitor, calpastatin. This increase is

accompanied by an increase in the phosphorylation of calpastatin. These data have led

to the suggestion that the nerve growth factor-induced inhibition of calpain by calpastatin

is due to a nerve growth factor-induced increase in the phosphorylation of calpastatin.





5) We have found that treatment of PC 12 cells with nerve growth factor causes a down-

regulation of the epidermal growth factor receptor and have suggested that this down-

regulation of a mitogen receptor is at least part of the reason that the cells stop dividing.

The decrease is not due to changes in the mRNA for the receptor, nor is there any

change in the processing of the receptor through glycosylation or in the rate of receptor

degradation. These data indicate, largely by the process of elimination, that the decreases

in receptor levels are due to decreases in the translation of the receptor mRNA.

Our research has shown that the nerve growth factor-induced phosphorylation of key proteins in nerve

growth factor-sensitive cells is a major part of the mechanism by which nerve growth factor acts. These

changes in phosphorylation and the consequent changes in function are the sum and substance of the

phenotypic changes that nerve growth factor produces. Our recent studies have begun to identify specific

gene products, e.g., the nerve growth factor-sensitive calcium channel, calpain, the epidermal growth

factor receptor, that play the key roles in these alterations in phenotype.

Si^ificance to Biomedical Research and the Program of the Institute:

The normal development of the nervous system is both intricate and precise and is integrated in both time

and space. The appropriate neural connections are made at exactly the right developmental times.

Neurons reach their appropriate locations, stop dividing, and differentiate on an exquisitely complex and

exact timetable and redundancies are eliminated by programmed cell death. It has become clear that

growth factors are key players in the control of these processes. Through chemotactic mechanisms they

encourage the correct connections; through differentiative processes they inhibit cell division; through

competition for their limited quantities they foster programmed cell death. An understanding of the

detailed mechanisms of these interactions will elucidate a number of fundamental biological processes.

Such an understanding, also, will permit insights into what happens when these processes misfire. These

insights should allow the formulation of clinical approaches toward the correction of these aberrant states.

Through an understanding of such fundamental biological phenomena as process formation, chemotactic

movements, and programmed cell death it should be possible to consider solutions to complex problems

such as mental retardation. By exploring the control of normal neural cell death during development,

information should be developed that is relevant to conditions involving abnormal cell death, such as

Alzheimer's Disease and stroke. The clinical use of growth factors in such conditions is a present reality

and, since the rate of discovery of new growth factors is on an ascending curve, it is also an abundant

promise for the future.

Proposed Course :

We will continue to explore the events immediately following the binding of nerve growth factor to its

receptor, the specific changes these post-receptor events have on the nucleus, and the role of specific gene

products' in the overall phenotypic changes that nerve growth factor produces. We will (1) complete the

description of the nerve growth factor-dependent phosphorylation ofphospholipase C-gamma; (2) continue

our characterization of the nerve growth factor-receptor associated calcium channel; (3) explore the

actions of nerve growth factor on calcium levels in hippocampal neurons, especially under conditions of

neuronal damage caused by increased calcium uptakes, e.g., stroke, diabetes; (4) look, in detail, at the

phenotype induced by the deletion, by anti-sense methodology, of the B-raf protein in PC12 cells,

especially as it relates to the actions of nerve growth factor on the cells; (5) initiate studies on the

differential functions of the S6 kinases in PC12 cells, using the functional characteristics of ribosomes

from cells treated with different growth factors as an indication of the roles of the different S6 kinases;

(6) determine the role of nerve growth factor-induced phosphorylation of the DNA-binding domain of

the transcription factor NGFI-B by inspecting the effect of specific phosphorylations on the binding; (7)





evaluate the effect of phosphorylation of calpastatin on its ability to inhibit the activity of calpain; (8)

obtain the sequence of the nuclear protein SMP whose phosphorylation is increased by treatment of the

cells with nerve growth factor; (9) establish cell-free translation systems that will allow the direct

determination of the translation of the epidermal growth factor receptor message from control cells and

from nerve growth factor-treated cells and the translation of epidermal growth factor receptor message

from control cells in extracts from control cells and from nerve growth factor-treated cells; (10) determine

if the PCI2 cells express the protein product of the erb-B2 gene and, if so, if this receptor is down-

regulated by nerve growth factor in the same fashion as is the related epidermal growth factor receptor.

Publications :
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Utrecht, VSP Press (in press).
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induced by growth factors and phorbol esters. Gene (in press).

Kozak A, Nikodijevic B, Yavin E, Guroff G. Intracellular calcium levels regulate the actions of nerve
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Perinatology Branch

The newly created Perinatology Branch conducts clinical and laboratory research in maternal

and fetal diseases responsible for perinatal morbidity and mortality. The Branch emphasizes

a multi-disciplinary approach using expertise from clinical (maternal-fetal medicine,

neonatology and perinatal pathology) as well as basic sciences and epidemiology to improve

the etiologic understanding, diagnosis, treatment and prevention of disorders related to infant

mortality.

The Maternal-Fetal Medicine Laboratory, directed by Roberto Romero, focuses on the study

of premature labor and delivery and the prenatal diagnosis of congenital anomalies.

Prematurity and congenital anomalies are leading causes of perinatal morbidity and mortality

worldwide.

Prevalence, microbiology and clinical significance of microbial invasion of the amniotic cavity:

Clinical studies of preterm labor conducted by the laboratory indicate that at least 20% of all

preterm neonates are born to mothers with microbial invasion of the amniotic cavity.

Moreover, women with intraamniotic infection are refractory to tocolysis (pharmacologic

inhibition of labor) and their neonates are at risk for both infectious and non-infectious

complications.

We have completed a series of studies designed to establish the prevalence of microbial

invasion of the amniotic cavity in women with cervical incompetence, term rupture of

membranes and spontaneous term labor with intact membranes. Patients presenting with

suspected cervical incompetence [a condition characterized by painless cervical dilatation in

the midtrimester and managed by the placement of a suture to close the uterine cervix

(cerclage)] had a prevalence of positive amniotic fluid cultures of 51.5% (17/33). The most

common isolate was Ureaplasma urealyticum followed by Gardeneralla vaginalis,

Fusobacterium species and Candida albicans. Microbial invasion was subclinical in all cases.

The performance of an emergency cervical cerclage in patients with undiagnosed infection

was uniformly associated with poor pregnancy outcome (i.e., rupture of membranes, clinical

chorioamnionitis or pregnancy loss). In contrast, 75% of patients without microbial invasion

of the amniotic cavity who had a cerclage operation delivered at term or near term and did not

have complications. These results indicate the importance of establishing the microbiological

state of the amniotic cavity before considering surgery in patients presenting with a dilated

cervix in the midtrimester of pregnancy.

Rupture of membranes complicates 10% of all pregnancies and is a risk factor for maternal

and neonatal infection. Microbial invasion of the amniotic cavity was found in 34.3% of

women with rupture of membranes at term. The most common microbial isolate was
Ureaplasma urealyticum. Microbial invasion was largely subclinical but was a risk factor for

post-partum infection (endometritis). Further studies are in progress to determine if microbial

invasion is the cause or the consequence of rupture of membranes.

The frequency of microbial invasion of the amniotic cavity in normal term spontaneous labor

is of considerable interest for the understanding of the role of infection in the etiology of



preterm labor and delivery. A recently concluded study conducted by the laboratory Indicates

that 18% of women in spontaneous labor at term with intact membranes have microbial

invasion of the amniotic cavity. The microorganisms most frequently isolated from amniotic

fluid were Ureaplasma urealyticum. Streptococcus agalactiae, Lactobacillus species and

Mycoplasma hominis. No adverse effects on mothers or neonates of microbial invasion of the

amniotic cavity could be demonstrated. These observations suggest that microbial invasion

may be unavoidable during normal labor even with intact membranes. Despite the similar

rates of microbial invasion of the amniotic cavity in term and preterm labor, there are

important differences in these two settings. First, histological studies indicate that the

prevalence of acute inflammation of the placenta (histological chorioamnionitis) is 32% in

women delivered preterm versus 10% in women who delivered at term. Second, the

concentration and/or biological activity of cytokines [interleukin-1 (IL-1 ), tumor necrosis factor,

interleukin-6 (IL-6) and interleukin-8 (IL-8)] in the amniotic fluid of patients with a positive

amniotic fluid are several fold higher in preterm labor than in term labor. Third, the rate of

neonatal infectious-related morbidity among women with a positive amniotic fluid culture was
greater in the context of preterm labor than in term parturition. Collectively, this evidence

indicates that the intensity of the host response to microbial invasion of the amniotic cavity

is much greater in the context of preterm than term labor. The most likely explanation for

these observations is that there are differences in the duration and pathway of ascending

infection in term and preterm labor. In term labor, microorganisms from the lower genital tract

may gain access to the amniotic cavity directly from the lower genital tract by transversing

intact membranes during cervical dilatation. Since labor is in progress, the inoculum size

would be small and the duration of macrophage activation short-lived. In contrast, ascending

microbial infection has a more protracted course in preterm labor, leading to a larger inoculum

size, and more time for macrophage activation and the mounting of an inflammatory response.

Ureaplasma urealyticum is the most common microorganism isolated from the amniotic cavity

in preterm and term labor with intact membranes, preterm and term rupture of membranes

and in patients with a dilated cervix in the midtrimester. Since these microorganisms can be

isolated from the lower genital tract of up to 70% of normal pregnant women, the most likely

route of infection involves an ascending pathway. Studies are now in progress to characterize

the clinical profile, cytokine response and placental pathologic associated with Mycoplasma

intraamniotic infection.

Rapid diagnosis of microbial invasion of the amniotic cavity: Intraamniotic infection

associated with preterm labor is largely subclinical and requires microbiologic cultures for

diagnosis. Since culture results may take several days, they are usually not available for

timely patient management decisions. Consequently, some of our studies have focused on

the evaluation and development of rapid tests for the diagnosis of intraamniotic infection. We
found that IL-6 (a cytokine produced in response to microbial products) amniotic fluid

determinations have the highest sensitivity of any available test for the detection of microbial

invasion of the amniotic cavity. Moreover, we have determined the value and limitations of

simple, rapid and inexpensive tests which can also be used in developing countries to

diagnose this potentially serious condition for mother and fetus.

Cytokines in term and preterm parturition: A major focus of work for the laboratory is the

study of the role of macrophage derived cytokines (IL-1 , tumor necrosis factor, IL-6 and IL-8)



on the mechanisms of parturition associated with infection. We have established that human

decidua stimulated with bacterial products (i.e., bacterial endotoxin) is a potent source for

these cytokines and that IL-1a, IL-1/?, TNF, IL-6 and IL-8 either appear or are present in

elevated concentrations in the amniotic fluid of women with preterm labor and microbial

invasion of the amniotic cavity. We have also found that IL-1, TNF and IL-6 can stimulate

prostaglandin production by intrauterine tissues (amnion, chorion and decidua), and that

systemic administration of IL-1 and TNF to pregnant animals can induce preterm parturition.

Collectively, this evidence provides strong support for the participation of macrophage derived

cytokines in the mechanisms responsible for preterm parturition.

Animal models of Infection induced preterm delivery: To study the mechanisms responsible

for preterm parturition in the setting of infection and to test the value of novel therapeutic

approaches, our laboratory has established two animal models. Parenteral administration of

endotoxin to pregnant mice serves as a model for preterm parturition occurring in cases of

maternal systemic febrile infection. Transcervical inoculation of bacteria under hysteroscopic

control in pregnant rabbits serves as a model for ascending intrauterine infection. Both

systems reliably lead to preterm delivery and they are being currently used to study the

temporal relationship between cytokine expression and preterm labor and delivery.

The role of naturally occurring anti-cytokine in the treatment of preterm labor: The natural

interleukin-1 receptor antagonist (IL-1 ra) is a newly identified member of the IL-1 family which

binds to the IL-1 receptor but has no agonist activity. This molecule is of considerable interest

given the central role proposed for IL-1 in the mechanisms of preterm parturition in the setting

of infection. We have found that the IL-Ira is a normal constituent of human amniotic fluid.

This finding is noteworthy because the IL-Ira has not been detected in plasma, serum,

cerebrospinal fluid from healthy individuals. Moreover, the concentrations of IL-Ira detected

in normal amniotic fluid are among the highest measured in any pathologic fluid examined thus

far, despite the absence of detectable IL-1 a or IL-I^ff. Thus, a cytokine which has no known

function, other than to block IL-1 , is present in high concentrations in the absence of the

agonist. The function and significance of this cytokine in the amniotic cavity is unknown.

One possibility is that the IL-1 gene family plays an important role in tissue remodeling during

fetal growth and development and that amniotic fluid IL-Ira merely reflects excretion of this

cytokine by the fetus. Alternatively, IL-1 may play a function during intrauterine life or

pregnancy yet to be established and its role as an IL-1 antagonist may be an epiphenomenon.

Studies are also in progress to determine the sources of amniotic fluid IL-1 ra. A major finding

of our studies is that preterm parturition in the setting of intrauterine infection is not

associated with significant changes in the amniotic fluid concentration of IL-Ira. This is in

contrast with the dramatically high concentrations of IL-Ira observed in cerebrospinal fluid in

cases of meningitis, synovial fluid in arthritis and plasma after experimental endotoxemia. A

possible explanation for our findings is that the IL-Ira is maximally or near maximally

expressed by gestational tissues under normal circumstances. The net effect of infection is

to increase expression of IL-1 a and IL-1;? and to change the IL-1 /IL-1 ra ratio in a direction that

favors IL-1 biological activity and parturition.

The laboratory has previously demonstrated that systemic administration of IL-1 can induce

preterm parturition in mice. This phenomenon is probably mediated by prostaglandins because

IL-1 induced stimulation of uterine contractility in perfused intact human uteri (extracorporeal

perfusion) can be blocked by treatment with indomethacin. Consequently, we have explored



the potential effect of the natural IL-Ira on prostaglandin production by intrauterine tissues.

While the IL-Ira had no effect by itself, this cytokine reduced IL-1 induced prostaglandin

production by human amnion and chorion providing indirect evidence of the presence of IL-1

receptor in these cells. Moreover, pretreatment with IL-Ira prevented IL-1- induced preterm

delivery in mice. Studies are now in progress to determine the effect of this and other anti-

cytokine agents in endotoxin induced preterm delivery in mice and preterm parturition induced

by ascending infection in rabbits.

Prenatal diagnosis of congenital anomalies and evaluation of fetal well being: Fetal

hypoxia/acidosis is part of the terminal pathway leading to intrauterine fetal death. A central

premise of antepartum testing is that the identification and timely delivery of the

hypoxic/acidotic fetus will prevent intrauterine death and decrease the risk of long term

neurologic damage. Consequently, several techniques for antepartum surveillance have been

developed for the identification of the hypoxic/acidotic fetus including the fetal biophysical

profile score (a composite score of the fetal non-stress test, fetal breathing movement, fetal

body movement, amniotic fluid volume and fetal tone) and umbilical artery Doppler

velocimetry (an index of down stream resistance in the placental circulation). We have

conducted a study to compare the performance of these two methods of fetal assessment in

the detection of fetal acidemia, hypoxemia and hypercarbia as determined by analysis fetal

blood obtained by cordocentesis. There was a strong relationship between the results of both

tests and the fetal acid-base status. Stepwise multiple logistic regression demonstrated that

umbilical artery Doppler velocimetry was a better predictor of acidemia, hypoxemia and

hypercarbia in our population. Our studies support a role for Doppler velocimetry in the

assessment of fetal well being.

Color Doppler ultrasound has been used for the non-invasive evaluation of fetuses suspected

to have congenital anomalies. The technique has proven to be of diagnostic value in a wide

range of anomalies. In a case of spontaneous rupture of the fetal bladder. Color Doppler

evaluation demonstrated a stream of urine directed from the fetal bladder to the abdominal

cavity in a fetus with isolated ascites. Precise diagnosis allowed the placement of a

peritoneal-amniotic shunt and subsequent good perinatal outcome. Color Doppler has also

been used in the prenatal diagnosis of sirenomelia, a uniformly lethal malformation

characterized by fusion of the lower extremities and bilateral renal agenesis. An accurate

diagnosis was made by identifying a single abdominal vessel (a vestigial vitelline artery) which

did not bifurcate in the fetal pelvis but coursed ventrally into the umbilical cord. Other fetal

anomalies diagnosed with Color Doppler include a fetal intracranial arteriovenous

malformation, fetal pelvic kidney, fetal hemangiomas, velamentous insertion of the umbilical

cord, and congenital heart disease.

Color Doppler ultrasound evaluation of the uterine and fetal circulation in patients with preterm

labor and intrauterine growth retardation is being conducted to establish the contribution of

impaired placental and uterine impedance in the pathophysiology of preterm parturition and

growth failure.



Program Plans: A significant portion of this year's effort was devoted to the planning and
organization of the Branch. The Perinatology Branch will have three divisions: Clinical,

Administrative and Laboratory. The Clinical Division will be comprised of the following

sections: Maternal-Fetal Medicine, Neonatology, Perinatal Pathology, and Informatics. The
Laboratory Division will be comprised of a group of laboratories focusing on the study of

molecular prenatal diagnosis, myometrial biology, uterine cervix biology, reproductive

immunology, and parturition. An administrative and planning unit will assist the Branch Chief

in fiscal and technical aspects of the contract with the hosting institution. The Branch will

provide an integrated and multi-disciplinary approach to solving the problem of infant

mortality.

Specific Research Aims of the Clinical and Laboratory Divisions of The Branch

The objectives and specific aims of the different sections of the Branch are:

1. CLINICAL DIVISION

A. Maternal-Fetal Medicine Section

Specific projects to be undertaken bv the Section include :

1) Preterm labor with intact membranes

a) Determine the contribution of infection, utero-placental ischemia, uterine

overdistension, and immune mediated disorders in the etiology of

preterm labor with intact membranes.

b) Develop sensitive and rapid methods for the diagnosis of microbial

invasion of the amniotic cavity.

c) Establish clinical, laboratory, and biochemical markers predictive of

preterm delivery in women with preterm labor and intact membranes.

d) Determine the value of clinical, laboratory (i.e., oncofetal fibronectin),

and sonographic studies (i.e., cervical length) in predicting the

occurrence of preterm labor and delivery in women at risk for preterm

labor.

e) Explore the role of novel therapeutic approaches in the prevention and
treatment of premature labor through the use of laboratory and clinical

studies.

2) Preterm premature rupture of membranes (PROM)

a) Determine the contribution of infection, abnormal uterine hemostasis,

and immune mediated processes to the occurrence of preterm premature

rupture of membranes.

b) Develop clinical, laboratory, and sonographic parameters to predict the

development of preterm labor, subclinical infection, and pregnancy



outcome in women with preterm PROM.

c) Develop clinical strategies to optimize pregnancy outcome.

3) Fetal growth disorders

a) Develop optimal and efficient methods for the early identification of fetal

growth disorders.

b) Determine the contribution of chromosomal abnormalities, congenital

infection, utero-placental insufficiency to the etiology of fetal growth
disorders. Describe biometric growth profiles and of the human fetus

affected by these different conditions.

c) Explore the relationship between fetal growth disorders and the

development of preterm labor, preterm PROM, and toxemia of

pregnancy.

d) Determine if low dose aspirin administration can improve fetal growth
in patients at risk for growth retardation.

4) Hypertensive disorders of pregnancy

a) Develop clinical, laboratory, and sonographic parameters for the early

identification of the patient destined to develop toxemia of pregnancy.

b) Determine the effect of therapeutic intervention (i.e., aspirin

administration and other modalities) in the prevention of toxemia of

pregnancy and adverse pregnancy outcome in patients at risks for this

condition.

5) Substance abuse

a) Determine the mechanisms by which cocaine/crack and other additive

substances lead to preterm labor, premature placental separation, and

adverse pregnancy outcome.

6) Congenital anomalies

a) First trimester of pregnancy:

i. Establish normal sonographic anatomy, biometry, and hemodynamic
characteristics of the human embryo, and to ascertain their value in

the prenatal diagnosis of congenital anomalies.

li. Identify sonographic and biochemical parameters to predict pregnancy

outcome in patients presenting with first trimester bleeding.

iii. Improve currently available invasive techniques for prenatal diagnosis

(chorionic villous sampling, fetal blood sampling, early amniocentesis.



etc.) in an effort to reduce complications from these procedures and

to improve diagnostic accuracy.

b) Second trimester and third trimester:

i. Evaluate sequentially patients at risk for poor pregnancy outcome

(identified either by previous poor obstetrical history or elevated

maternal serum a-fetoprotein) to determine the sequence in which

fetal biometry and fetal cardiovascular hemodynamic abnormalities

develop.

li. Explore the value of pulse Doppler and color flow mapping performed

sequentially during the course of pregnancy in understanding the

evolution and time of occurrence of congenital heart disease in high

risk patients.

III. Develop biometric and anatomical means for the identification of

chromosomal abnormalities.

iv. Identify hemodynamic parameters to predict intrapartum fetal

distress.

B. Perinatal Pathology Section

The primary objective of the Perinatal Pathology Section of the Intramural Research

Branch of Perinatology is to study and identify the causes responsible for the excess

perinatal morbidity and mortality rate in the United States. This is a necessary step

toward the design and implementation of rational strategies to reduce infant mortality.

The scope of studies to be undertaken by this section is broad and ranges from the

basic definition of placental lesions and their clinical significance to the dissection of

the molecular events leading to placental damage and fetal compromise.

The first goal of this section will be to develop a scientifically valid method for

placental examination and definition of placental lesions. This methodology will then

be applied to the study of placentas from pregnancies with adverse outcome. Modern

techniques of molecular pathology will be used to establish the mechanisms

responsible for the development of lesions and their relationship to fetal/neonatal

morbidity and mortality. Studies of the fetal/neonatal pathology related to experi-

mentally induced placental damage in relevant animal models will support the human

data gathered from autopsy material.

Specific Aims

1) Establish an optimal protocol for diagnostic placental and decidual tissue

sampling throughout gestation.

2) Determine frequency and distribution of placental and decidual lesions in normal

and complicated pregnancy (preterm delivery, early and late fetal loss, multiple

gestation, fetal growth disorders, congenital anomalies, substance abuse, etc.).



3) Determine the molecular mechanisms responsible for histologic changes in the

placenta and decidua of patients with poor pregnancy outcome.

Immunohistochemistry and molecular pathology will be employed to dissect and

characterize placental lesions.

4) Establish the effect of experimentally induced placental and decidual lesions on

fetal well-being, growth, and development. Animal experimentation will be

required to elicit these lesions and study their effects on fetal homeostasis.

5) Establish the effects of therapeutic maneuvers during pregnancy on placental,

decidual and fetal pathology.

6) Establish a registry for perinatal autopsies in the District of Columbia.

7) Provide the scientific basis for the development of effective interventions to

reduce the rate of infant mortality.

C. Neonatology Section

The broad objective of the Neonatology section will be to study the pathophysiology

of neonatal disorders responsible for the excess perinatal morbidity and mortality in the

United States. This section should develop novel diagnostic and therapeutic modalities

for conditions leading to chronic disease and neurologic handicap. Special emphasis

will be placed on the study of the effect of obstetrical interventions on neonatal

outcome. This section will be responsible for organizing long term follow up studies

of neonates and infants whose mothers participated in clinical studies organized by the

Branch.

Specific Aims

1) Determine the frequency and optimal means of diagnosis and treatment of

congenital neonatal infection.

2) Develop methods for the differential diagnosis between respiratory distress

syndrome and congenital pneumonia.

3) Develop methods for the early identification and treatment of

bronchopulmonary dysplasia, intracranial hemorrhage, necrotizing enterocolitis

and other conditions responsible for significant neonatal morbidity and

mortality.

4) Study the short term morbidity and mortality associated with anatomical,

biochemical and chromosomal congenital anomalies and develop means of

optimizing outcome.

5) Establish a program for long term neurologic and developmental follow up of

infants enrolled in studies organized by the Branch.



Informatics Section

Research conducted by the Perinatology Branch will be information-intensive. Virtually

all research projects will involve the use of computers to acquire, analyze, and present

information. A central component of the Branch's research will be a computerized

patient database, and all Sections will require convenient access to various

components of this database through the network. The Informatics Section will

design, implement, and maintain this database and make it an integral part of the

Branch's network.

The primary objective of the Informatics Section is to provide consultative and

operational support to the other sections of the Perinatology Branch in the acquisition,

maintenance, analysis, and presentation of information. The Section will also develop

and implement an on-line, real-time, interactive prenatal care management system.

Specific Aims of the Informatics Section :

1 ) Acquisition and Maintenance of Information

a) Design (in collaboration with participating medical centers and other

sections of the Branch) a unified patient medical record to support the

research activities of the Branch and to serve as a clinical tool for patient

care. This medical record will contain demographic and socio-economic

information, prior history, obstetrical and neonatal clinical observations, and

ancillary laboratory and other interpreted diagnostic results.

b) Design (in collaboration with other members of the Branch), Implement, and

maintain a computerized patient research database containing all

information from the unified patient record; diagnostic images from

ultrasound, magnetic resonance imaging, computed tomography and other

modalities; other patient-related information obtained from participating

centers; and other clinical and laboratory information obtained in

conjunction with research activities carried out by members of the Branch.

c) Provide the mechanism for data entry into the database of unified medical

record information, and information obtained from other sources (i.e.,

diagnostic imaging devices). The Branch will acquire information on

approximately 8,000 deliveries per year from a network of participating

hospitals. It is expected that information will be acquired, stored,

manipulated and analyzed over a network of high performance

microcomputers, servers, and related peripheral equipment housed both at

the central location and distributed among the participating hospitals.

d) Provide acceptable quality control mechanisms to ensure the accuracy and

completeness of information entering the database.

e) Ensure the reliable storage of information in the database.

f) Provide efficient access to this information by authorized members of the

Branch.



g) Ensure adherence to all patient confidentiality requirements.

2) Analysis of Information

a) Provide, at the request of other members of the Branch, custom reports,

extractions, and statistical analyses on information contained within the

research patient database.

b) Support statistical analysis of information in the database by other

members of the Branch. This could involve assistance in the extraction of

selected subsets of information, transmission of this information to the

appropriate members' computers, and consultative support in the analysis

of this information.

c) Education and training in the use of computer hardware and software,

accessing information in the research database, and the use of

mathematical and statistical techniques.

d) Hardware support: configuration, installation, maintenance and repair, in

conjunction with services provided by vendors, third party service

organizations, and in-house support from the Contractor.

2. ADMINISTRATIVE DIVISION

The primary objective of the administrative section is to plan, prepare, and monitor the

budget of the Branch.

The specific aims for this section will be :

a) Assist the Branch Chief and heads of sections and laboratories in the

preparation of the budget and monitor its execution.

b) Develop procedures to separate patient care costs from research costs at

the hosting institutions.

c Support the process of recruitment and hiring of faculty and personnel for

the Branch.

d) Support purchasing of capital equipment.

e) Monitor execution of the contract with the hosting institution.

3. LABORATORY DIVISION

This Division will be comprised of a group of laboratories focusing on the study of

molecular prenatal diagnosis, myometrial biology, uterine cervix biology, reproductive



immunology, parturition, trophoblast biology and inflammation. Specific aims for each

laboratory will be defined as recruitment of scientists takes place.

Contract work: Significant effort was devoted to the drafting of the contract required to

obtain services for the implementation of the Branch in the District of Columbia.

Award: The Branch Chief received the 1 99 1 Presidential Award of the Society for Gynecologic

Investigation.
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The objectives of this project are to define the role of ascending intrauterine

infection in the etiology of preterm labor and delivery, to elucidate the

cellular and molecular mechanisms signalling preterm parturition in the setting

of infection and to apply this knowledge to improve the diagnostic and thera-

peutic approach to preterm labor.

Clinical investigation has focused on determining the frequency and clinical

significance of microbial invasion of the amniotic cavity in patients with
preterm labor, preterm premature rupture of membranes, cervical incompetence
and normal labor at term. We have established the value and limitations of

different rapid laboratory tests in the diagnosis of microbial invasion of the

amniotic cavity and in the prediction of preterm delivery.

Laboratory investigation has focused on the study of macrophage cytokines
(interleukin-1, tumor necrosis factor, interleukin-6) on the mechanisms of

human parturition associated with infection, the development of an animal
model for ascending intrauterine infection and the study of the role of anti-
cytokine agents (interleukin-1 natural receptor antagonist and tumor necrosis
factor antagonists) in preventing infection induced preterm delivery.
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NICHD ANNUAL REPORT
October 1, 1991 through September 30, 1992

Prevention Research Branch
Division of Epidemiology, Statistics and Prevention Research

The Prevention Research Branch (PRB) was established as an
organizational change from the Section on Prevention Research
(SPR) . The PRB was created in response to the expanded role of the
Director, Division of Epidemiology, Statistics and Prevention
Research (DESPR) as the Associate Director for Prevention Research
(PR) in coordinating National Institute of Child Health and Human
Development (NICHD) prevention activities as required by the Health
Research Extension Act of 1985, P.L. 99-158. The mission of the
PRB is to develop a program of research in the field of health
promotion and disease prevention with specific focus on maternal,
child and adolescent populations. The PRB will direct its efforts
to the implementation and evaluation of randomized trials and
demonstration education programs of intervention strategies
designed to improve individual and community health.

The focus of the PRB during this period has been the recruitment of
research staff and fellows with the expertise and training to
accomplish the stated mission. Aligned with this effort has been
the identification of research projects of relevance to the NICHD
to be developed as the PRB research program.

New Staff

The PRB evolved as a new component of the DESPR without preexisting
staff. Dr. Lois A. Maiman, the Branch Chief, joined the Institute
in April 1990 to direct this effort. Dr. Maiman was Associate
Professor in the Department of Pediatrics, University of Rochester
School of Medicine and Dentistry prior to her appointment at NICHD.
Two Behavioral Scientists have been recruited and appointed as
permanent staff during August 1992: Dr. Bruce G. Simons-Morton,
who was Associate Professor, Center for Health Promotion Research
and Development, University of Texas Health Sciences Center at
Houston and Dr. Joel D. Killen, who was Senior Research Scientist,
Center for Research in Disease Prevention, Stanford University
School of Medicine. A Staff Fellow, Dr. Marycatherine Augustyn
joined the PRB in October 1991 and current recruitment includes two
identified post-doctoral candidates for Intramural Research
Training Agreement positions (IRTA) , in lieu of Staff Fellows in
response to the July 1992 NIH hiring freeze.

Development of Research Projects

A programmatic direction in biobehavioral research is being
established. The goal of this program is to expand the knowledge
base in biobehavioral research in order to promote more effective



health promotion and disease prevention through the implementation
of original projects. The PRB will focus on several broad research
areas: (a) the development and evaluation of pediatric and
maternal health promotion and disease prevention interventions for
providers and patients in primary health care settings and (b)
school based health promotion and disease prevention programs for
children and adolescents.

Health Promotion and Disease Prevention in Primary Health Care
Settings

Prenatal Care Underutilizatlon and Adverse Health Behaviors During
Pregnancy

Despite large increases in the number of women receiving timely
antenatal care, between one-fourth and one-third of all pregnant
women in the United States initiate care after the critical first
trimester and do not receive an adequate nxomber of visits. The
subgroup least likely to obtain adequate prenatal care is minority
women living in poverty. Studies have been confined to the
identification of factors associated with prenatal care
underutilization, cultural and social, situational and financial
barriers. Beyond the problem of underutilization is the detri-
mental effect of adverse health behaviors during pregnancy (e.g.,
smoking, alcohol and drug use, poor nutrition) . With early,
complete cessation of these behaviors early in pregnancy, the risk
may be reduced to that of those women who do not engage in such
behaviors. Reports indicate that a large proportion of pregnant
women do not fully appreciate the role of adverse health behaviors
as factors in infant morbidity and mortality.

PRB investigators are planning a series of studies which will
employ interventions to improve early entry to prenatal care,
increase adherence to the visit schedule and decrease adverse
health behaviors during pregnancy in high risk minority women.
Fertility-related behaviors concerning the acquisition and
transmission of HIV infection would be incorporated in the broader
behavioral components addressed in these studies.

Prevention of Childhood Injury Among Preschool Children

Recent reports have suggested the need for research in pediatric
injury prevention and control. Studies have shown that during the
preschool years burns, drowning, pedestrian injuries and
ingestions are prevalent, especially among minority and disadvan-
taged children. There are few controlled studies designed to
develop and evaluate programs for the prevention of unintentional
childhood injuries. The American Academy of Pediatrics Guidelines
for Health Supervision provide age-related recommendations for
parental counseling related to preventive health behaviors, in
general, and injury prevention. Although the Academy provides
printed materials on injury, provision of information is not
sufficient to achieve recommended behavior. Further, it has been
shown that physicians do not consistently provide injury counseling



to parents. Prior research of PRB investigators suggests that:
(a) education of physicians can successfully lead to changes in
their practice behaviors and the behavior and health status of
their patients (American Journal of Diseases of Children ) ; and (b)

psychosocial factors which may be amendable through intervention
are associated with childhood injury.

PRB investigators are developing a randomized trial to determine if
an experimental intervention for pediatric health care
practitioners will be effective in changing their strategies for
enhancing injury prevention behaviors by parents and counseling
approaches for social support and childhood behavior problems, and
reduce unsafe practices related to injuries by preschool children.

School Based Health Promotion and Disease Prevention Programs for
Children and Adolescents

The school setting provides an attractive context for health
behavior change interventions. The mandatory presence of students
in schools offers an excellent opportunity for longitudinal
research. Treatment programs can be integrated into the general
educational curriculum so that large numbers of individuals may be
influenced with reduced investments of professional resources.
Maintenance of behavior change may be enhanced to the extent that
school-based programs enable greater environmental support to
foster and sustain behavior change.

Combined Family and School Program for Disordered Eating/Obesity
Prevention

One line of proposed school-based research is the development and
testing of both school-based and family interventions to prevent
adoption of unhealthful weight regulation strategies by adoles-
cents. Research indicates that the adult preoccupation with weight
and practice of various methods of unhealthful weight regulation
have spread to the child and young adolescent population. Due to
the increasing prevalence of eating disorders, the American College
of Physicians and research groups have called for public education
and early intervention. At present, little, if any, research
effort has been devoted to the promotion of healthful weight
regulation among normal weight children and adolescents and no
controlled studies have examined programs designed to prevent
eating disorders.

PRB investigators are developing both (a) an intensive school-based
intervention for adolescents identified as "at-risk" for disordered
eating and (b) a family intervention component designed to teach
parents to promote healthful weight regulation practices by their
children. The interventions will be tested in a randomized trial
of 9th grade girls (14-15 years of age)

.



School and Fcunlly Intervention to Prevent Alcohol and Drug Use and
Other Problem Behavior Among Early Adolescents

Early adolescence is a critical developmental period. Failure to
adjust to the demands of increased responsibility and decreased
supervision can lead to problem behavior. The first year of middle
school is a particularly important year because youths who were
treated as children only a school-year ago must assume greater
responsibility for their behavior at school and home. At this
time, academic deficiencies may become more pronounced at this time
, as well as, exposure of these 6th or 7th graders to adolescents
who are two grades older, bigger, and more mature, and who in large
numbers are experimenting with tobacco, alcohol, weapons, and rules
violations. Alcohol use increases from less than 10% using in the
last 30 days in 6th grade to nearly 30% in 9th grade. The
incidence of physical fighting is higher during these years than
any other. Factors associated with early alcohol use include poor
social adjustment at school, affiliation with peers who drink, and
passive parenting.

PRB investigators are developing a study to test the efficacy of
social adjustment training, curriculum, and family intervention in
delaying the onset and preventing the use of alcohol, other drugs,
and problem behaviors at school. The intervention components will
be tested in a randomized trial of middle school students.

Cardiovascular Disease Prevention Intervention Trial

Another track in school-based research focuses on the development
of cardiovascular disease prevention interventions. Cardiovascular
diseases are the leading causes of death in the United States. PRB
investigators will conduct research designed to develop and test
the efficacy and effectiveness of a multiple component cardiovascu-
lar disease risk reduction/prevention curriculum for high school
aged adolescents (14-17 years of age) in (a) increasing students'
knowledge of CVD risk factor concepts; (b) decreasing CVD risk
factor behaviors (e.g., cigarette smoking, consumption of calories
or foods high in saturated fat, cholesterol and salt) ; (c) increase
levels of aerobic physical activity and consumption of complex
carbohydrates; and (d) lower heart rate, blood pressure. Body Mass
Index and skinfold thickness.



DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBUC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 00876-02 PRB

PERKX) COVERED
October 1, 1991 through September 30, 1992

TTTLE OF PROJECT (80 ctiaraatn or less 73»» mus: fit on one kne between the txxOefS.)

Determinants of Childhood Poison Ingestion
PRINCIPAL INVESTIGATOR (Us) atier protessonal psrsonnel below the Pmdpal Investigator.) (Name. iTtte. laboratory, and kistjtule affiliation,

PI: L.A. Maiman

Others: K.F. Yu
E.R. Toretsky

Chief PRB, DESPR, NICHD

Mathematical Statistician EMS, DESPR, NICHD
Statistician EMS, DESPR, NICHD

COOPERATING UNITS C any)

School of Medicine and Dentistry, University of Rochester (N.G. Hildreth,
R.A. Lawrence, G.S. Liptak)

LAB«RANCH

Prevention Research Branch
SECTION

INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL MAN-YEARS:

0.6

CHECK APPROPRIATE BOX(ES)

E (a) Human subjects

D (a1) Minors

Si (a2) Interviews

PROFESSIONAL:

0.6
OTHER:

C (b) Human tissues D (c) Neither

SUMMARY OF WORK (Use standa-i unreOucec type Do not exceed tt>e space provided.)

The Determinants of Childhood Poison Ingestion study investigates the
relationship between social and behavioral factors (including sociodemographic
characteristics, ingestion history, parental health protective behaviors for
children, life stressors, social network and social support, childhood
temperament and presence of household hazards) and risk of childhood ingestion
of household cleaning products or home repair and maintenance products. Funding
for this project was provided by the HBL, CRMC, NICHD to the Principal
Investigator at the time Dr. Maiman was Associate Professor, Department of
Pediatrics, University of Rochester. The study consists of observations
collected from parents of ingestors (selected from callers to Monroe County
Poison Control and visits to hospital pediatric emergency departments) and
parents of children who had not ingested the study substances of interest
(selected from 15 community pediatric practices). The subjects were identified
and recruited over a one year period from February 1989 through February 1990.

The Principal Investigator conceptualized, developed and designed the study and
undertook primary responsibility for constructing data collection instruments
and protocols and for directing all the field work, including data collection,
data management and file preparation. Specifically, the PRB, DESPR is
responsible for all analyses and dissemination of study findings.

PHS 6040 (Rev. 1/84) CPO SI4-CII





DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBUC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PERIOD COVERED

PHOJfcCI NUMBfcri

ZOl HD 00877-02 PRB

October 1, 1991 through September 30, 1992

TrJLE OF PROJECT (80 characters or less. Tale mus: fn on one tne between the tmrders.)

Prevention and Education in CHD Reduction
PRINCIPAL INVESTIGATOR (Ust other prolessional personnel Ixtow the Prwdpal Investigator.) (Name. tJOe, laboratory, and institute alfdatxr

PI: L.A. Maiman Chief Prb, DESPR, NICHD

Others: R. DerSimonian
E.R. Toretsky

Mathematical Statistician BMS, DESPR, NICHD
Statistician BMS, DESPR, NICHD

COOPERATING UNITS (H any)
~ ~ ~ "

School Of Medicine and Dentistry, University of Rochester {P.O. Greenland,
N.G. Hildreth, C. Cox)

LAB/BRANCH

Prevention Research Branch
SECTION

INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL KAAN-YEARS:

0.5

CHECK APPROPRIATE BOX(ES)

(a) Human subjects

D (al) Minors

[1 (a2) Interviews

PROFESSIONAL:

0.5
OTHER;

D (b) Human tissues D (c) Neither

SUMMARY OF WORK (Use standard unreduced type Do not exceed the soace provided.)

The Prevention and Education in Coronary Heart Disease (CHD) Reduction study
investigates issues related to the future design and testing of behavioral
and educational strategies to help children and adolescents reduce risk
behaviors and acquire and practice positive health behaviors. Funding for
this project was provided by the DHVD, NHLBI to the Principal Investigator
at the time Dr. Maiman was Associate Professor, Department of Pediatrics,
University of Rochester and Co-Principal Investigator on the project.
The study consists of observations collected from 7,824 subjects screened
for blood cholesterol elevations. The subjects were identified from
June 1987 through October 1987 and followed for a one year period through
December 1988.

The Principal Investigator functioned as the Director of Research for the
educational and behavioral component of the project and developed and designed
the study interventions and data collection instruments and directed those
related components of the field work, including interviewer training and data
collection. Specifically, the PRB, DESPR is responsible for analyses and
dissemination of study findings related to behavioral and functional outcomes
(psychological and physical).

PHS 6040 (Rev. 1/84) CPO gi4-*i*





DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBUC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT
ZOl-HD-2100-01 PRB

PERIOD COVERED

October 1, 1991 through September 30, 1992
TITLE OF PROJECT (80 characters or less. We mus: tit on one tne betweat Ihe boDers.)

Proximate Biobehavioral Risk Factors for Poor Pregnancy Outcomes
PRINCIPAL INVESTIGATOR (List other professional personnel belo*r the Pnoapal InresBgator.) (Name, trtle. laboratory, and institute att*ation,

PI: L.A. Maiman Chief PBR, DESPR, NICHD

Others: J.D. Killen Behavioral Scientist PRB, DESPR, NICHD
M. Augustyn Staff Fellow PRB, DESPR, NICHD

COOPERATING UNITS (ii any)

LAB/BRANCH

Prevention Research Branch
i SECTION

INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL MAN-YEARS:

0.38
PROFESSIONAL:

j
OTHER:

0.38 i

CHECK APPROPRIATE BOX(ES)

S (a) Human subjects D (b) Human tissues G (c) Neither

D (a1) Minors

Si (a2) Interviews

[

SUMMARY OF WORK (Use standard unreduced type Do not exceed the scacx provided)

The Proximate Biobehavioral Risk Factors for Poor Pregnancy Outcomes study is
an effectiveness trial to decrease risky behaviors and enhance acceptance of
HIV testing by pregnant women at increased risk of human immunodeficiency
virus (HIV). The intervention has two components (1) an educational
intervention for obstetricians-gynecologists and (2) skills training for
pregnant women. This project is being developed as a PRB contract.

PHS 6040 (Rev. 1/84) cpo»i4-«i»





DEPARTWENT OF HEALTH AND HUUAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT
ZOl HD 2101-01 PRB

PERIOD COVERED
April 1, 1992 through September 30, 1992

TITLE OF PROJECT (80 ctiaracten Of less, rale mus: fit on one tne betwren the bonters-)

Increasing Preventive Actions for Childhood Injury Among Preschool Children
PRINCIPAL INVESTIGATOR (List other protesskxal personnel beAjw ate Prrtdpal kivestgator.) (Name. We. taCxrisorf. and institute atlibation,

PI: L.A. Maiman Chief PRB, DESPR, NICHD

Others: E.G. Simons-Morton Behavioral Scientist PRB, DESPR, NICHD
M. Augustyn Staff Fellow PRB, DESPR, NICHD

COOPERATING UNITS (il any)

LAB/BRANCH

Prevention Research Branch
SECTION

INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL MAN-YEARS:

0.2
PRO?^SSIONAL-

0.2
OTHER:

CHECK APPROPRIATE BOX(ES)

(a) Human subjects D (b) Human tissues D (c) Neither

D (a1) Minors

S (a2) Interviews

SUMMARY OF WORK (Use standard unreduced Tfx Do not exceed me ssace frvoded.)

The Increasing Preventive Actions for Childhood Injury Among Preschool Children
project will develop and assess the efficacy of an experimental prevention
intervention for pediatric health care practitioners in changing their strate-
gies for enhancing injury prevention behaviors by parents and counseling
approaches for social support and childhood behavior problems. This project
builds on two studies funded by NICHD to Dr. Maiman as Principal Investigator
when she was a faculty member in the Department of Pediatrics, University of
Rochester School of Medicine and Dentistry. The knowledge base from this prior
research suggests that: (a) education of physicians can successfully lead to
changes in their practice behaviors and the behavior and health status of their
patients and (b) psychosocial determinants of injury have been identified (e.g.
risk perceptions, lack of social support, prevention orientation for children)
which may be amendable through intervention to prevent childhood injury.

PHS 6040 (Rev. 1/84) CPO»l4-*it





DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT
ZOl HD 2102-01 PRB

PERIOD COVERED
July 26, 1992 through September 30, 1992

TTTLE OF PROJECT (SC characters or less TtOe must trt cr one lir>e betweert the t)orders )

Minimal Contact Smoking Cessation and Relapse Prevention
PRINCIPAL INVESTIGATOR (List other professional perscmel below ttie Principal Invesbgatof.) (Name, title, laSx>ralory. and institute attiliation)

PI: J.D. Killen Behavioral Scientist PRB, DESPR, NICHD

COOPERATING UNITS if any)

Stanford University School of Medicine
(S.P. Fortmann)

Prevention Research Branch

SECTION

'""WMhrM'^rWthesda, Maryland 20892

TOTAL MAN-YEARS _ _„ PROFESSIOKAL: „ „„0.02
OTHER:

CHECK APPROPRIATE BOX(ES)

E (a) Human subjects D (b) Human tissues D (c) Neither

D (a1) Minors

S (a2) Interviews

SUMMARY OF WORK 'Use Standard unreduced type. Do rrat exceed the space prnvkied.)

The Stanford Stop Smoking Program (SSSP) is an on-going cigarette smoking
research program with funding from both NCI and NHLBI. The research program
has as its primary foci the development and testing of self-administered
relapse prevention programs combining behavioral and pharmacological treatments
and the study of potential risk factors for relapse following cessation.
Funding for the SSP was provided by NCI and NHLBI at the time that Dr. Killen
was Senior Research Scientist, Department of Medicine, Stanford University
School of Medicine and Co-Principal Investigator on the project. The Principal
Investigator (Dr. Killen) functioned as the Director of Research for two studies
and directed the teams which developed the intervention materials and instrument
and data collection protocols.

PHS 6040 (Rev 1/M) CPO »i4.»i»





DEPARTMcKT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT
ZOl HD 2103-01 PRB

PERIOD COVERED
July 26, 1992 through September 30, 1992

TITLE OF PROJECT ("aC characters or less TiOe must fn cr one line between the borders )

Computer-Assisted CVD Prevention Intervention
PRINCIPAL INVESTIGATOR (List other professional perscmel ftetow the Principal Investigator.) (Narrte. title, laboratory, and institute affiliation)

PI: J.D. Killen Behavioral Scientist PRB, DESPR, NICHD

COOPERATING UNITS if any)

Stanford University School of. Medicine
(P.R.—Taylor)

LAB/BRANCH

Prpvpntinn Research Branch
SECTION

INSTITUTE AND LOC^'ION

NICHD, NTH, RRthP R fiRfia. .Maryland—20892
TOTAL MAN-YEARS

n.n-j

PROFESSIOHAL:

Q . 02

OTHER:

CHECK APPROPRIATE BOX{ES)

S (a) Human subjects

[1 (a1) Minors

[J (a2) Interviews

D (b) Human tissues D (c) Neither

SUMMARY OF WORK Use standard unreduced type. Do to* exceed the space provided.)

The Computer-Assisted (CAI) CVD prevention is study is an efficacy trial to test
a customized, interactive, software package focusing on the major CVD risk
factors. This software package, which we will develop drawing upon our previous
experience in writing CVD prevention instructional software, will combine text,
graphics, and digitized sound and be based on programmed instructional
principles. We will compare this customized software package with an attention
placebo control software condition to provide a control for possible resentful
demoralization or compensatory rivalry of teachers as well as the effects of new
technology and computer-based presentation of information. Funding for the
study (provided by NHLBI) occurred at a time (4/92) when Dr. Killen was Senior
Research Scientist, Department of Medicine, Stanford University School of
Medicine and Co-Principal Investigator on the project.

Dr. Killen will collaborate with the Stanford team in the development of the
intervention materials and instrument and data collection protocols and will
direct data analyses and paper writing for publication.

PHS 6040 (Rev. 1/84) 6PO »I4-«<S





DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT
ZOl HD 2104-01 PRB

PERIOD COVERED
July 26, 1992 through September 30, 1992

TITLE Of PROJECT f3C characters or less TrOe must tit en one lir>e between the borders.)

School Based Program for Prevention of Unhealthful Weight Regulation
PRINCIPAL INVESTKyiOR (List other prolessonal persovtel betow the Principal Investigator.) (Name, title, latxyatory. and institute ahiliationj

PI: J.D. Killen Behavioral Scientist PRB, DESPR, NICHD

COOPERATING UNITS if any)

Stanford University School of Medicine
(C.B. Taylor)

j^evention Research Branch

SECTION

Wm^,'mif^'BE^hBsda, Maryland 20892

TOTAL MAN-YEARS -. ^- PROFESSIOKAL: „
0.02

OTHER:

CHECK APPROPRIATE BOX(ES) !

B (a) Human subjects D (b) Human tissues D (c) Neither
\

B (a1) Minors i

Ei {a2) Interview's
J

SUMMARY OF WORK Use standard unreduced type. Do not exceed the space proviOed.)
\

i

The Healthy Weight Regulation (HWR) study was conducted to evaluate the efficacy
j

of a school-based curriculum designed to modify the eating attitudes and
unhealthful weight regulation practices of young adolescent girls. Funding for i

this project was provided by NICHD at the time that Dr. Killen was Senior i

Research Scientist, Department of Medicine, Stanford University School of i

Medicine and Co-Principal Investigator on the project. The study consists of
j

observations collected from 995 adolescent girls (11-13 years of age) who will
j

be followed for a period of five years. The Principal Investigator (Dr. Killen)
j

functioned as the Director of Research for the educational and behavioral
i

component of the study and directed the teams which developed the intervention
]

materials and instrument and data collection protocols.

PHS 6040 (Rev 1/84) cpo •i4-«i»





DEPARTMEKT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT ZOl HD 2105-01 PRB

PERIOD COVERED July 26, 1992 through September 30, 1992

XrriE OF PROJECT (K ctiaracters or less VOe must fn en one line between the borOers )

CVD Prevention Intervention Trial

PRINCIPAL INVESTI&iTOR (List other protessooa/ perscmel txlow the Pnncipal Invesbgetor.) (Name, title, latxiratory, end institute affiliation)

PIl J.D. Killen Behavioral Scientist PRB, DESPR, NICHD

COOPERATING UNITS if any)

Stanford University School of Medicine
(J.W. Farquhar)

LAB/BRANCH

Prevention Research Rranrh
SECTION

INSTITUTE AND LOC^'lON

NICHD. NIH. Bethesda.
TOTAL MAN-YEARS

Maryland 20892

0-02

PROFESSIONAL:

n.n?

OTHER:

CHECK APPROPRlATr 30X(ES)

Is (a) Human subjects

H (a1) Minors

D /a2) Interviews

D (b) Human tissues D (c) Neither

SUMMARY OF WORK Use standard unreduced type. Do rtot exceed the space provkted.)

The CVD prevention intervention trial is a large scale effectiveness trial to
examine implementation and maintenance aspects of the diffusion potential of a
school-based CVD prevention curriculum developed by the investigators in
previous research. Funding for the study (provided by NHLBI ) occurred at a
time when Dr. Killen was Senior Research Scientist, Department of Medicine,
Stanford University School of Medicine and Co-Principal Investigator on the
project. The Principal Investigator (Dr. Killen) functioned as the Director
of Research for the study prior to coming to NICHD. Dr. Killen will colleiborate
with the Stanford team in the development of the intervention materials and
instrument and data collection protocols and will direct data analyses and paper
writing for publication.

PHS 6040 (Rev. 1/84)
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PROJECT NUMBEW
DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBUC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT Ol-HD-2106-01 PRB

PEFOOO COVERED
July 26, 1992 through September 30, 1992

TITLE OF PROJECT (3: characters or less. Voe must fir on one «ne between Jhe bontars.)

Combined Family and School Program for Disordered Eating/Obesity Prevention
PR«>>C>PAL iNVESTIG^TOR (Ust other profession^ perscmel tetow me Principal imres39«Dr.; (Harne. We. laSxyatory. and mslituu afSkaton)

PI: J.D. Killen Behavioral Scientist PRB, DESPR, NICHD

Other: B. Simons-Morton Behavioral Scientist PRB, DESPR, NICHD

I

CC'r'=£=^TING UN:~S •/ any)

! LASS^WNCH

! Prevention Research Branch

I
SEC"K;^

; INS" "JiE AND LOC-"-0N

I NICHD, NIH, Bethesda, Maryland 20892
i TCTii. fcV^N-YEARS
i 0.08

PROFESSIOSAL: OTr-=?(:

- 0.08

i
CK=rx APPROPRIATE 30X(ES)

I
IE (a) Human subjects G (b) Human tissues G (c) Neither

i -il (al) Minors

i

-X (a2) Interviews

i
SUMUA=Y OF WOS< Jse slanaara unreCuceC type. Do -xx ejrceed rfte space

The major purpose of this proposal is to develop both school-based and family
interventions to prevent adoption of unhealthful weight regulation strategies

i by adolescents.
I

! This research builds upon an earlier study funded by NICHD at a time when
!
Dr. Killen was on staff at the Department of Medicine, Stanford University

j
School of Medicine. The proposed trial builds upon the foundation of the

i
earlier study by (1) developing a special, intensive intervention for

;
adolescents identified as "at-risk" for disordered eating and (2) the
development of a family intervention component designed to teach parents

I

to promote healthful weight regulation practices by their children.

PHS 6D40 (Rev. 1/84) CPO si*-*'*





DEPARTMENT OF HEALTH AND HUMAN SERVICES PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT
ZOl HD-^107-01 PRB

PERIOD COVERED
July 26, 1992 through September 30, 1992

TTTLE Of PROJECT (3: characters or less Title must fn cr one line (wfween the borOers )

Children and Adolescent Trial of Cardiovascular Health
PRINCIPAL INVESTIGATOR (List other professional personnel below the Principal Investigator.) (Name, title, laboratory, and institute atliliation)

PI: B. G. Simons-Morton Behavioral Scientist PRB, DESPR, NICHD

COOPERATING UNITS -if any)
university of Texas at Houston, (G.S. Parcel); University of Minnesota (-C. Perry);
University of California at San Diego, (P. Nader); Tulane University, (L. Weber)

lab/branch
Pirevention Research Branch

SECTION

INSJITUTE AN
,*^&tE;" Bethesda, Maryland 20892

TOTAL MAN-YEARS: ^ „„0.02
PROFESSIOKAL:

0.02
OTHER:

CHECK APPROPRIATr BOX(ES)

B (a) Human subjects D (b) Human tissues D (c) Neither

D (a1) Minors

Ks (32) Interviews

SUMMARY OF WORK 'Use standard unreduced type. Do ctot exceed the space provided.)
I

i

I began my involvement with CATCH while on faculty at the UTHSC School of I

Public Health, prior to coming to NICHD. The study is a test of the effective-
!

ness of a multi-component, school-based intervention to modify CVD risk factors
among preadolescent children. Blood pressure, blood lipids, body fatness, and

j

behavioral risk factors will be assessed. The intervention includes curriculum, !

school environment, and family components. My responsibilities include being a j

member of the physical activity measurement working group and providing
j

expertise on all physical activity and physical fitness assessments. I am PI '

of the following substudy: "Test of the validity of the physical activity
j

interview with elementary age children." i

PHS 6040 (Rev. 1/84) «PO »i4-»«»





DEPARTMEWT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT
ZOl HD 2108-01 PRB

PERIOD COVERED
July 26, 1992 through September 30, 1992

TITLE OF PROJECT (K characters or less TTfle must trt cr one line between the bottlers.)

Afro-American Adolescent Girls Growth and Development
PRINCIPAL INVESTIGATOR (Ust Other professional perscmel below the Principal Investigator.) (Name, title, laboratory, and institute atlilation)

PI: B. G. Simons-Morton Behavioral Scientist PRB, DESPR, NICHD

COOPERATING UNITS it any)

School of Public Health, University of Texas Health Science Center at Houston
(W. Taylor)

LAB/BRANCH
Prevention Research Branch

SECTION

INSTITUTE AND LOCi'lON
NICHD, NIH, Bethesda, Maryland 20892

TOTAL MAN-YEARS; „ „„0.02
PROFESSIOKAL:

0.02
OTHER;

CHECK APPROPRIATE BOX(ES)

Ixi (a) Human subjects

E (a1) Minors

B (a2) Interviews

D (b) Human tissues D (c) Neither

SUMMARY OF WORK - Use standard unreduced type. Do not exceed the space pnnrided.)

My involvement in this study began prior to my coming to NICHD when I was a
faculty member at the UTHSC School of Public Health. This longitudinal study of
Afro-American girls assesses the patterns and determinants of weight, body
composition, and aerobic fitness. My involvement includes leadership on all i

aspects of physical activity assessment and consultation on all aspects of the i

study

.

j

PHS 6040 (Rev. 1/84) afO •t4.«i*





DEPARTMEMl Of HtALlH AND HUMAN ScnViCES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT
ZOl HD 2109-01 PRB

PERIOD COVERED
July 26, 1992 through September 30, 1992

TITLE OF PROJECT (K characters or less Title must tn en one line between the borders )

How Much Physical Activity Po Children Obtain During Physical Education Classes?
PRINCIPAL INVESTK>*TOR (List other prolessiona} persamel below the Phndpal InvestigBtor.) (Name, title, laboratory, and institute attihation)

\

PI: B. G. Simons-Morton Behavioral Scientist PRB, DESPR, NICHD

COOPERATING UNIT; rf any)

School of Public Health, University of Texas Health Science Center (W. Taylor)

LAB/BRANCH
Prevention Research Branch

SECTION

NICHD, i?IH7*Bethesda, Maryland 20892

TOTAL MAN-YEARS
0.02

PROFESSIOKAL:
0.02

OTHER:

CHECK APPROPRIATE BOX(ES) !

D (a) Human subjects D (b) Human tissues D (c) Neither j

D (a1) Minors i

D (a2) Interviews i

SUMMARY OF WORK Use standard unreduced type. Do mt exceed the space ptovided.)

My involvement in this study began prior to my coming to NICHD when I was a
faculty member at the UTHSC School of Public Health. A random sample of school
districts and schools at the elementary and middle school levels in one large
Texas county were recruited and samples of students were observed during PE
classes. I am involve in all aspects of the study, including study design,
analysis, and publication.

PHS 6040 (Rev. 1/84) c»»o »!«•••»





DEPARTMcffT OF HEALTH AND HUMAN SERVICES - PUBUC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 2110-01 PRB

PERIOD COVERED j^^y 26, 1992 through September 30, 1992

TITLE Of PROJECT (80 ctiaracten or less, title mus * on one tne tjetween tm bonjefs.)

Prevention of Alcohol and Other Drug Use Among Middle School Students
PRINCIPAL INVESTIGATOR (List other protesskmal psrsonnel twtow the Pimipal Investigator.) (Name, title, laboratory, and institute aHiHation.

PI: B. G. Simons-Morton
J. D. Killen

Others: L. A. Maiman
M. Augustyn

Behavioral Scientist
Behavioral Scientist

Chief
Staff Fellow

PRB, DESPR, NICHD
PRB, DESPR, NICHD

PRB, DESPR, NICHD
PRB, DESPR, NICHD

COOPERATING UNITS (it any)

School of Public Health, University of Texas Health Science Center (W. Taylor)

LAB/BRANCH
Prevention Research Branch

SECTION

INSTITUTE AND LOCATION
NICHD, NIH, Bethesda, Maryland 20892

TOTAL MAN-YEARS: 0.12" I PROFESSKDNAL:
0.12

OTHER:

CHECK APPROPRIATE BOX(ES)

(a) Human subjects

[3 (a1) Minors

E (a2) Interviews

D (b) Human tissues D (c) Neither

SUMMARY OF WORK (Use standard unreduced type Dc not exceed me ssace provided.)

This Study proposes to delay the onset and prevent the use of alcohol and other
drugs by middle school students by a multi-component intervention that includes
curriculum, school environmental change and teacher and staff training, and
family components.

PHS 6040 (Rev. 1/&q CPO *14-«l*





DEPARTMENT OF HEALTH AND HUMAN SERV)CES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 2111-01 PRB

PERIOD cxwERED j^^-^^ 26, 1992 through September 30, 1992

TTTLE OF PBOJECT (80 charaaers or less. Title mus: fit on one line tjetmeen Vte txrtters.)

School-Based Prevention of Drinking and Driving
PRINCPAL INVESTIGATOR (Ust Other protessional personnel CwAtw Jhe Pnndpal krresbgatof.) (Name, title, taboratory, and institute affiltalioni

PI: B. G. Simons-Morton
Other: M. Augustyn

Behavioral Scientist
Staff Fellow

PRB, DESPR, NICHD
PRB, DESPR, NICHD

COOPERATING UNITS (it any)

LAB/BRANCH

I Prevention Research Branch

i SECTIO'i

INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892

TOTAL UAN-YEARS:
0.02

I PROFESSIONAL-
0.02

OTHER:

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects

D (a1) Minors

C (a2) Interviews

D (b) Human tissues D (c) Neither

SUMMA=ry OF WORK (Use standartl unreduced type Do no; erceed tne soace providea.)

I
This paper reviews the literature on school-based drinking and driving
prevention efforts and provides recommendations from an ecological
perspective.

PHS 6040 (Rev. 1/84) GPO 91 4-«l*





OEPARTMtiN! 0^ HtALln AND MJWSAS SERVICES - PUBLIC HEALTH SEHVlCc

NOTICE OF INTRAMURAL RESEARCH PROJECT
ZOl HD 2112-01 PRB

PERIOD COVERED
October 1, 1991 through September 30, 1992

TITUE OF PROJECT (3C characters or less TiUe must fit en one line Detween the tMrOars.)

The Baltimore Project for the Prevention of HIV
PRINCIPAL INVESTI&ATOR (Ust other professional perscmel below the Principal Invesbgator.) (Name. We. laDoratory, and institute affiliation)

PI: M. Augustyn Staff Fellow PRB, DESPR, NICHD

COOPERATING UNITS if any)

Baltimore City Health Department (J. Santelli); The Johns Hopkins University
School of Hygiene and Public Health (D. Celentano)

LAB/BRANCH

Prevention Research Branch
SECTION

INSTITUTE AND LOCi"ION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL MAN-YEARS;

0.4
PROFESSIONAL;

0.4

OTHER:

CHECK APPROPRIATE BOX(ES)

E (a) Human subjects

D (al) Minors

Ei (a2) Interviews

D (b) Human tissues D (c) Neither

SUMMARY OF WORK 'Use standartS unreduced type. Do not exceed the space provided.)

This project is a community-based system for outreach and care for HIV infected
I

minority women and reproductive-aged minority women at risk for infection in
several Baltimore city neighborhoods. Intervention is geared to the community in

'

general, as well as to specific high-risk individuals. Education and outreach
activities, testing and counseling, and case-management of HIV infected and high- !

risk individuals are the specific strategies employed.
j

i

Dr. Augustyn coordinated the baseline telephone survey for this project which
generated self-reports by 1200 individuals. Measures included: perceptions of
consequences of condom use; importance of these consequences; social norms and
perceived control issues surrounding condom use; demographics; health-related
items; measures of community norms; AIDS/HIV knowledge; and attitudes towards HIV
and AIDS. Analyses have been performed by Dr. Augustyn and her colleagues at the
Baltimore city Health Department and The Johns Hopkins University School of
Hygiene and Public Health.
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NICHD ANNUAL REPORT
October 1, 1991 To September 30, 1992

Biometry and Mathematical Statistics Branch
Division of Epidemiology Statistics and Prevention Research

The Biometry and Mathematical Statistics Branch (referred to as the
Branch below) is now in productive mode. All the permanent and
visiting staff members are working hard on collaborative research
projects as well as research in statistical methodology. Everyone
is up to the Branch's capacity in collaborating with subject matter
scientists and doing statistical research. As the Branch
publication list shows, the Branch staff have been productive.

The Branch is the primary investigator of two subject matter
projects; Ms. Dolores Bryla is the project officer for both. We do
not have any plans to add any new subject-matter oriented projects
of our own, unless it is mandated.

Statistical Research

The Branch has been productive in methodological research,
resulting in a number of papers published, in press, or submitted
for publication. Members of the staff have been invited to
scientific meetings and universities to present papers in
statistical methodology. But the restriction on the travel budget
has discouraged the staff from actively participating in scientific
meetings. We will discuss several selected statistical research
projects. Others will be presented by title only.

P-values after repeated significance testing ; Modern day clinical
trials require a planned interim analysis of the progress, which
requires statistical testing of significance repeatedly. How to
compute P-values has been a contentious issue, because different
ordering of sample space determines the size of P-value. In this
research, we have looked at two most reasonable and plausible
orderings of the sample space, stagewise ordering and mean-wise
ordering, and have shown that the stagewise ordering is a
reasonable one. Furthermore, computing a P-value after a repeated
significance testing is not simple. Our research shows there is a
rather simple but quite accurate method of approximation applicable
to most repeated significance testing methods. We are now looking
into ways to apply this approximation method to constructing a
confidence interval after a repeated significance testing. A paper
has been accepted for publication in Statistics in Medicine.

Missing and incomplete data problems in clinical trials ; It is
routine to have missing and incomplete data in clinical trials.
Missing or incomplete data, however, are rarely random. We are
looking at two separate problems here. When the outcome variable
is missing in some subjects and the missing probability depends on



a set of independent variables, it is proposed to form four or five
groups of siobjects so that subjects within a group may be
reasonably homogeneous, and to apply a proper stratified method to
analyze the outcome variable. Another problem is an incomplete
data problem. The particular problem we are studying has been
derived from the NICXJ network trial. Namely, neonates in
ventilators are randomized to two different treatment groups and
the time to extubation is the outcome variable. The treatment with
a shorter time to extubation is a better one. But some of these
neonates die while intubated. What is the time to extubation for
such neonates? The time to extubation is incomplete. There are
other examples of similar nature. It was suggested to assign a
worst possible outcome value dying neonates. We have shown that
this is not a good approach through simulation studies. We are now
looking for ways handling incomplete data described above.

General repeated measure ; In repeated measures designs each s\ibject
is observed at several times possibly under different experimental
conditions. Repeated measures are rarely balanced or complete.
The number and timing of observations may vary according to
individuals, and some observations are invariably missing. The
missing pattern is not random, although most statistical methods
require assumptions of missing at random. Methods to determine if
the missing is random have been studied. A paper has been accepted
for publication. A multivariate approach has been proposed to
general repeated measure data and a paper has been accepted for
publication.

Analysis of data from cluster randomization : Data from the STOP
trial will be typical of data from cluster randomization. Namely
a unit with a number of subjects will be the unit of randomization.
We cannot pretend that subjects within a unit are statistically
independent. Furthermore, the size of unit can be random as the
size of practice participating in the STOP trial is random. In
such an instance, it is important to stratify by the expected size
of the unit, and randomize. Data then will be analyzed by strata.
We are looking into the efficiency of various ways of analysis by
strata

.

Analysis of complex survey data ; A number of methods of weighted
least square methods are now available for analyzing complex survey
data. But it is possible that a wrong weight may be assigned to a
sample. An analysis investigation into the effects of truncation
of sample weights on the estimates is ongoing.

Meta-analysis : Sources of data for a meta analysis are
heterogeneous while effects may be homogeneous. To account for the
heterogeneity, one can consider fixed and random effect models. It
is of interest to test the homogeneity of effects under fixed and
random effect models. Tests of a homogeneous effect considered
under the assumption of heterogeneous sources are C-alpha test,
likelihood methods (parametric and nonparametric) , a score test,
and standard chi-square test.



Fuzzv-clustering ; Estimation of svibpopulation characteristics after
a hard clustering is biased, even asymptotically, if the change of
misclassification is substantial. A fuzzy clustering method is
introduced to study subpopulation characteristics in a mixture of
subpopulations. Simulation studies show that the estimation after
fuzzy clustering is unbiased. These methods are applied to
determine the infant mortalities of appropriately grown infants and
inappropriately grown infants.

Other statistical problems that the staff are actively studying
are: effective sample size problem in the presence of censoring;
confidence interval procedures for the difference of survival rates
of two populations; contingency tables method; adjusted P-values
for multiple testing procedures; analysis of time series data;
goodness of fit test for logistic regression; and other general
statistical methodologies.

Collaborative Projects

The Branch is providing statistical support to intramural
scientists, particularly in vaccine development, and for further
analyses of data from the neonatal hyperbilirubinemia study. The
Branch is the NICHD component for the analysis of MCH data from the
National Longitudinal Youth Survey. No data analysis or
publications has resulted as yet.

Black IMRs have been analyzed using the 1980 to 1984 linked birth
record from Utah, Missouri, Michigan, New York, and North Carolina.
Postneonatal mortality rates are related to marital status and
education status of mothers, while neonatal mortality rates are
not. The same analysis have been completed for the whites. Unlike
in blacks, both marital and maternal education status affect
postneonatal mortality rates among white births.

The Branch is actively participating in the analysis of minor
anomaly data of DIEP. It has been shown that the late entry
diabetic women are at a higher risk of birth of babies with more
minor anomalies. The specific types of minor anomaly to which
infants of diabetic mother are prone are being analyzed; the data
analysis shows that broad alveolar ridge (adjusted P==0.009) and
redundant skin folds (adjusted P=0.002) are more frequent in
infants of diabetic mother. The relationship between infection and
fetal loss is being studied from the DIEP data.

The 1953 clinical trial of diethylstilbestrol during pregnancy by
Dieckmann et al (Am J Ob Gyn 1953;66:1062-81) was re-reviewed for
and its review article will appear in the suspended judgement
section of Controlled Clinical Trials.

The Branch has been actively collaborating with the Prevention
Research Branch on a childhood poison ingestion study as well as
prevention and education in CHD reduction. Analyses are in
progress for the former; for the latter, analyses have been
completed and a draft manuscript is under way.



The Branch has completed an analysis of the U.S. -Finland Vitamin
Study. The analysis shows that the folate level was not
significantly different between cases and controls even after
accounting for the time decay of folic acid level in the blood
samples. A paper has been published.

Applying fuzzy clustering techniques to the medical birth registry
data from Norway, which <;ontain 267,000 single births, IMR's of the
two groups within a given birth-weight class were estimated,
assuming that there are two gestational-age groups of neonates
within a birth-weight class. One group has a higher neonatal
mortality than the other when the birth weight is low. From this
work it appears that the extent of a systematic error in the
estimation of LMP-based gestational age is overstated.

The Branch staff is collaborating on the analysis of the data from
the Better Babies Project.

The Branch provides statistical support for the calcium-
preeclampsia clinical trial, as well as for the data analysis of
ethnic differences project.

The Branch has completed a meta-analysis of vasectomy and prostatic
cancer risk. An outlier case-control study was identified. The
overall results imply a very weak association, but this association
could be due to detection bias. A paper has been published. The
Branch is assisting in designing and planning a new case-control
study

.

Data analysis is in progress for the evaluation of false
reassurance in subjects with borderline cholesterol levels at a
community cholesterol screening program.

The Branch staff have collaborated on the analysis of SIDS study
data and data from HIV infected subjects as well as data on death
due to infections among babies participating in the Collaborative
Perinatal Project.

Others

The Branch has met all Institute needs for statistical support or
consultation, particularly MFMU, NICU, and SIDS networks. Chief of
the Branch, has become a member of the advisory board for all the
networks, making important contributions toward improved study
designs and reviewing study proposals for approval.
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Office of the Director
Division of Epidemiology, Statistics and Prevention Research

During the past year, the Section on Prevention Research has been expanded to

become the Prevention Research Branch.

The Division is engaged in epidemiological investigations in reproductive,
perinatal and pediatric epidemiology, which also Includes clinical trials and
surveys

.

Infant feeding and growth

The Bedouin Infant Feeding Study is population based and includes births to

Bedouin Arabs living in the Negev during 1981 to 1982. The study was designed
to identify factors which affect the choice of infant feeding at birth and of
changes in infant feeding practices during the first year of life and its
association with physical growth and morbidity. The project was done in
collaboration with the Department of Epidemiology at Ben Gurion University in
Beer Sheva, Israel. The study is complete.

As part of the design of this study, a methodological Issue of some importance
to the field of infant feeding research was addressed as follows. Most studies
of infant feeding practice are done retrospectively; that is, questions are asked
of mothers when their babies are six to nine months old about infant feeding
practices from birth on. In the Bedouin Infant Feeding Study, intentionally on
a subset of infants on whom infant feeding data had been collectively
prospectively; that is, from birth on, mothers were asked six months later to
retrospectively provide information about infant feeding practices and changes
during the past six months. This provided an opportvinity to compare directly
prospectively and retrospectively collected infant feeding data. With the
prospectively collected information used as the reference, the recall about when
breast feeding was stopped and on solid food feeding was more accurate than the
recall on formula feeding. Among 61 percent reporting formula use at the six-
month interview, half could not recall introducing formula when interviewed at
18 months of age. There was, however, only a slight difference in the odds ratio
of stunting vs. normal length for age for babies who were fed formulas as
compared to those breast fed based on recall as compared to those based on
prospectively collected data- -the odds ratio for stunting for the data based upon
recall being 2.07 and the odds ratio based upon prospectively collected data
2.21. There was some variation in mothers' accuracy of recall based upon the
child's nutritional status at time of interview.

Through support derived from a grant by the U.S. -Israel Binational Program, we
have initiated a follow-up study of the Bedouin children from the original infant
feeding study which was conducted during 1991 and 1992 at the time when these
children were between 9 and 11 years of age. A total sample of 713 children and
their mothers were included in this follow-up study.



Objectives were to assess the current level of growth of children from this

initial cohort and to determine the current socioeconomic status. It was known
that there had been significant social change occurring among the Bedouin
population during the last 10 years with many of these feimilies settling into

townships and currently living in houses as compared to tents and huts a decade

ago. We, therefore, hoped to be able to explore to what extent the change in

socioeconomic status during this 10 year interval affected the physical growth

of these children and also to explore other determinants related to child growth.

The children were ascertained in the school where they were measured and weighed

and home interviews were conducted on a sample of them and of their mothers to

obtain updates on socioeconomic variables, morbidity history and also on mothers'

height and weight. Also, information was sought on the reproductive history of

the mother since the birth of her index child. Siblings of the Index child who

were less than 2 years of age at the time of the interview were also measured to

compare growth in siblings less than 2 years of age now with the growth of the

index child 10 years ago.

Major findings

The instruments of the study have been developed. The study has been fielded and

implemented and completed. The data base consists of 711 children measured in

the school and a subsample of about half of these supplemented with home
interviews of their mothers and data on siblings under 2 years of age whenever
siblings were available.

The data are currently analyzed and only preliminary findings are available.

There was a significant decrease in the extent of stunting at 9 to 11 years of

age as compared to the earlier observations on these index children at 6 months,

12 months and 18 months of age. The initial levels of sttinting at 6 months were

12 percent, 18 percent at 12 months and 33 percent at 18 months. At present, the

rate of stunting is only about 8 percent although the growth curve is still

skewed to the left. Also, comparison of the siblings who are now under 2 years

of age with the index child under 2 years of age 10 years ago reveals lesser

rates of stunting in current siblings under 2 than we observed among index

children when they were under 2 years of age 10 years ago.

Biological effects of delayed childbearing

Using data from the Swedish Medical Birth Register from 1983 to 1987, we
investigated the effect of advancing maternal age on pregnancy outcome among

healthy nulliparous women. This register included a total of 487,000 births of

which 173,715 consisted of a single birth to nulliparous women of Nordic
citizenship who were 20 years or older. The register included demographic data,

data on the maternal reproductive history, on medical problems during pregnancy

and complications during labor and delivery, infertility and on cigarette

smoking. Outcomes measured included late fetal deaths, early neonatal deaths,

low birth weight, preterm delivery and small-for-gestational age infants.

While there was considerable evidence in the literature that delayed
childbearing; that is, first births to women 30 and over, was associated with an

increased risk especially of late fetal deaths, of low birth weight and of

intrauterine growth retardation, the question had been raised whether this effect

was the result of increased risks of medical and obstetrical complications



associated with maternal age and/or due to a subgroup of women among delayed
childbearers who may have had difficulties in conceiving. This data set provided

a unique opportunity to study the biological effects of delayed childbearing.

The results show that compared to women aged 20 to 24, those aged 30 to 34 had
significantly higher odds ratios of late fetal deaths, very low birth weight,

medium low birth weight, very preterm delivery and small -for- gestational age.

Among women aged 35 to 39, the adjusted odds ratios were significantly higher for

very low birth weight, medium low birth weight, very preterm and moderately
preterm delivery. The risks were generally higher among women aged 40 or more,

although because of small numbers, these increases were not always significant.

These effects were seen although we adjusted the data for the effects of maternal
education, living with the child's father, cigarette smoking, infertility and
medical and pregnancy complications including diabetes, hypertension, abruptio
placenta and placenta previa. These findings Indicate that delayed childbearing
among nulliparous women is associated with an Increased risk of poor birth
outcome even after adjustment for several major confounding factors, such as

pregnancy complications, history of infertility and also cigarette smoking.
While these data are derived from the Swedish Medical Birth Register, they are

clearly applicable to the U.S. population of delayed childbearers. Delayed
childbearers in the United States are predominately white, middle or upper-middle
class comparable to the Swedes and characteristically come in for prenatal care
early in pregnancy.

We also examined in this data set the interaction between maternal age, parity
and smoking in relation to birth outcome. Using a logistic multiple regression
analysis, advanced maternal age, parity and maternal smoking were significantly
associated with the risk of late fetal deaths. Using parous, non-smoking women,

20 to 24 years of age as a reference group, nulliparous smoking women aged 35 or

more had the highest risk of late fetal deaths. The risk of low birth weight,
preterm delivery and small -for- gestational age was always highest among
nulliparous smoking women aged 35 and above. The smoking related effect on the
relative increase of low birth weight and preterm delivery was significantly
greater among multiparae than nulliparae. The age effect on the relative
increase of low birth weight, preterm delivery and SGA, however, was greater
among nulliparous as compared to multiparous. These findings indicate that older
nulliparous smokers are at especially high risk for SGA births while parous
smokers are at increased risk of low birth weight and preterm delivery.

In a third analysis, we asked the question whether delayed childbearers faced an
Increased risk of adverse pregnancy outcome even after their first births. For
this analysis, we used the data from the Swedish Medical Birth Register for the

years 1979 through 1989 which included linked data sets of 210,735 women who had
two successive single live births in Sweden. This data permitted us to

investigate whether the age related risk of adverse pregnancy outcome in first
births of delayed childbearers existed in second births before and after
adjusting for the influence of adverse pregnancy outcome in first births and of
other possible confounders.

The results suggest that the rate of adverse pregnancy outcome are substantially
higher in first than in second births. Compared to women aged 20 to 24, women
aged 30 to 34 had significantly higher odds ratios of late fetal deaths and early

neonatal deaths for first but not for second births. Also, women aged 34 and
above had significantly higher odds ratios for late fetal deaths for first but



not for second births. For low birth weight, as well as preterm delivery, odds
ratios were increased both for first as well as second births.

These findings indicate that women who are 30 years and older have an Increased
risk of late fetal deaths in first but not in second births and a substantially
lower increase in risk of early neonatal deaths in second than in first births.
The risks of preterm delivery and of low birth weight are essentially vinchanged

for first and second births. The findings from this study again address the
issue in the literature as to whether the increased risk associated with delayed
childbearing was due to a subgroup of women who were less fertile or had medical
complications during pregnancy. In this cohort study, the lack of any Increased
risk of late fetal deaths in second births supports the hypothesis very strongly
that there is an adverse effect of nulliparity among older women, especially on
the increased risk of late fetal deaths.

Community based Interventions

The Better Babies Project was a community-based intervention in an area of
Washington, D.C. which is aimed at reducing the rate of low birth weight among
a defined population. The Division has offered technical assistance in the
design and execution of this project and has supported a data management contract
for data reduction and analysis. The major share of the funding for this project
was provided by the Ford and Rockefeller Foundations, local foundations, as well
as a grant from the Bureau of Maternal and Child Health of HRSA. The project
provided extensive outreach to identify and recruit pregnant women living in the
target area as early as possible during pregnancy and to bring them into prenatal
care, to enhance compliance with prenatal care, to facilitate access to various
social entitlement programs for which these women are eligible, to provide social
support and to offer interventions for adverse health behaviors like smoking,
drinking and illicit drug use. Overall more than 1,000 pregnant women
participated in the Better Babies Project. The evaluation of the impact of the
project is based upon the use of vital records information.

Preliminary data analysis suggest a significantly lower rate of very low birth
weight (less than 1500 grams) among participants as compared to non-participants
adjusting for maternal age, maternal education, marital status, race of child and
parity. These rates are only of borderline significance after adjustment for
prenatal care. In addition, the data also indicate a significant improvement in
adverse health behavior among women enrolled in this program, such as a reduction
in smoking, alcohol consumption and drug abuse.

The city of Baltimore asked for assistance three years ago In the design of a
geographically-based intervention to improve birth outcome, especially to reduce
the rate of low birth weight in a high risk area of Baltimore. The site for the
project is Sandtown/Vinchester located in Vest Baltimore, which is characterized
by extreme poverty and high rates of infant mortality and of low birth weight.
It is a quasi -experimental design comparing outcome measures available from vital
records information for births in the target area with outcome measures derived
from other areas of Baltimore which are similar in population characteristics.

Since Baltimore has been chosen as a site for the Healthy Start Program, this
project will serve as the model for the expansion of similar population-based
interventions in other areas of Baltimore done under the heading of the Healthy



Start Initiative. The project is in progress and no results are available at

present.

Maternal and Infant Mortality Survey (MIMS)

This is a project conducted in collaboration with the Department of Community

Health Sciences at the Aga Khan University in Karachi, Pakistan. It is supported
with PL-480 funds and has recently received additional funding from UNICEF.

The objectives of MIMS are to provide maternal and infant mortality rates from
population-based samples in different areas of Pakistan, but eventually including

areas from the four provinces which make up Pakistan. It will also provide
Information on causes of maternal and infant deaths as well as on demographic and

other determinants of maternal and infant mortality. In addition, a Pregnancy
Outcome Study (POS) Is in progress in several katchi abadies in Karachi to

identify determinants of poor birth outcome, especially low birth weight, and a

Child Health Survival Study which is a follow-up of children from the POS to two

years of age to ascertain mortality and morbidity as well as physical growth and
development. Maternal and infant mortality surveys have now been done in several
sites of Pakistan starting with an initial sample of about 10,000 households in
several katchi abadies in Karachi two years ago. Subsequently and completed in

1992, this survey was conducted in four different sites in the province of

Baluchistan which included both urban and rural locations and about 22,000
households. Recently a survey of about 12,000 households was completed in the

Northwest Frontier Province around Abbottabad. An additional sample is currently
being development which will include some of the tribal areas in the Northwest
Frontier Province along the Afghan border with support of UNICEF which would
include approximately 16,000 households.

The analyses thus far are limited to infant mortality and maternal mortality
rates from different areas sampled in this survey. Rates of infant mortality
range from a low of about 75 per thousand to a high of 200 per thousand and of
maternal mortality from about 2.7 to a high of 12 per thousand. Selecting other
sites for this survey and fielding the actual surveys in these additional sites
has been a major challenge. In addition, limited computer facilities at the Aga
Khan University have made it difficult and time consuming to deal with this
increasing growing data base from these surveys of infant and maternal mortality
in different sites of Pakistan.

Personnel changes

Office of the Director

Dr. David Nagey, Associate Professor in the Department of Obstetrics and
Gynecology, University of Maryland, and the Director of the Division of Maternal
and Fetal Medicine, returned to the University of Maryland in July 1992 after
completing an IPA appointment here.

Dr. Sven Cnattingius, who Is Associate Professor of Obstetrics and Social
Medicine, at the University of Uppsala, returned to Sweden in August 1992 after
spending a year as a Visiting Scientist.



Mr. Howard Hoffman, Special Assistant for Infant Mortality, left in May 1992 to

become Chief of the Epidemiology, Statistics and Data System Branch in the

National Institute on Deafness and Other Communication Disorders.

Epidemiology Branch

Dr. Leslie Cooper has accepted a position with the National Center for Nursing
Research at the NIH and will leave November 1, 1992.

Dr. Faruque Ahmed, who was a Visiting Fellow since May 1991, left in August 1992

to return to Johns Hopkins University to begin his work towards a Ph.D. in

epidemiology.

Dr. Ruth Brenner, a pediatrician, finished her M.P.H. at Johns Hopkins University
in May 1992 and joined the Epidemiology Branch as an Epidemiology Staff Fellow.

Dr. Xiao Shu joined as a Visiting Scientist in June 1992.

Dr. Nebiat Tafari, who is Professor of Pediatrics, began a one year Visiting
Scientist assignment in September 1992.

Biometry and Mathematical Statistics Branch

Dr. Taesung Park, who was a Post-Doctoral Fellow since July 1991, returned to

Korea as Professor, Department of Statistics at Hankuk University of Foreign
Studies in August 1992.

Dr. Seung Wook Lee returned to Korea in January 1992 after having spent a year
here as a Guest Work supported by a WHO fellowship.

Dr. James Troendle joined as a Staff Fellow in January 1992.

Prevention Research Branch

Marycatherine Augustyn joined as a Staff Fellow in October 1991.

Dr. Bruce Simons -Morton, Associate Professor at the University of Texas, assumed
a tenured position in July 1992.

Dr. Joel Killen, Senior Research Scientist, Stanford University, also accepted
a tenured appointment in July 1992.

Computer Sciences Branch

Mr. Bill Calvert, the Chief of the Branch, resigned effective February 1992.

Staff of the Day Care Data Management Support Group which is organizationally
located in the Computer Sciences Branch has experienced severe attrition.

Ms. Kaye Fendt, the Head of this unit, left in August 1992 to accept a position
in private industry in this area and Ms. Lynette Swartz resigned in April to

accept a position in another Federal agency. Ms. Penny Colbert has accepted a

position in another branch of the Institute and will leave November 1, 1992.
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SUMMARY OF WORK (Use standard unreduced type. Do not enceed the space provided.)

This is a community based intervention in a geographically defined area of

Washington, D.C., which comprises nine census tracts. The major objective of this

commxinity based intervention was the reduction of low birth weight in the target

community. This was a multi-risk factor intervention targeted upon pregnant women

which included an extensive effort to identify and recruit pregnant women who lived

in the target area early in pregnancy, to link them to prenatal care and for those

in prenatal care, to enhance compliance, to provide social support and facilitate

access to entitlements for which these women may be eligible, such as Medicaid, WIC,

Commodity Surplus Food, AFDC, as well as others. In addition, interventions were

offered for adverse health behaviors like smoking, alcohol and substance abuse. The

study recruited pregnant women over a period of three years from September 1986

through September 1989. The last women recruited in this project delivered in the

Spring of 1990.

DESPR has provided significant input into the design of this intervention. Also,

it has assumed responsibility for the impact evaluation. Data collection for this

project has been completed and the analysis is in progress.
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D {a2) Interviews

; SUMMARY OF WORK (Use standard unr'^duced type. Do not exceed the space provided.)

I This is a study of infant feeding practices among Arab Bedouins residing in the

\ Negev, Israel. The objectives are: infant feeding practices at birth and changes

! during the first year of life and relationships to physical growth and to

\ gastrointestinal and respiratory morbidity during the first 18 months of age.

[

[
The data base includes information on 5,000 mother- infant pairs, and represents the

total population of Bedouin births during the years 1981 and 1982. Two subsamples

have been identified for followup; one at birth and followed for a period of 5-8

r months . Another sample of children was identified at 6 months of age and followed

i prospectively to 18 months of age

.

I

t
Two additional manuscripts have been published from this data set during 1992, one

S dealing with the factors influencing milk insufficiency and its long term health

I effects and the other of the accuracy of maternal recall of infant feeding events.

I

i'

I
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DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 00802-17 ESPR

PEaiOD COVERED
October 1, 1991 through May 17, 1992

TITLE OP PROJECT .''rC characters or tess We must fit on one line between Ok borders.

)

Studies of Liiiked Live Births -Infant Deaths and Fetal Deaths from U.S. States
PRINCIPAL INVESTIGATOR (Us: other professional personnel below the Pmcipa/ Investigator.) (Name, title, laboratory, and institute atliliation)

PI: H.J. Hoffman Special Ass't for Infant Mortality OD, DESPR, NICHD

COOPERATING UNIT; (it any)

^^Hce" of the Director, DESPR

SECTION

,*'Sffi':''fe\hesda, Maryland 20892

TOTAL MAN-YEARS

.2

PROFESSIONAL

.2

OTHER;

CHECK APPROPRIATr BOX(ESi

G (a) Human subjects

G (a1) Minors

IZ (a2) Interviews

D (b) Human tissues B (c) Neither

SUMMARY OF WORK -Use stancard unreduced type. Do not exceed the space proviOed.)

This project has terminated due to the departure of the Principal Investigator.
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DEPARTMENT 0= HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT
ZOl HD 00803-08 ESPR

: PEROD COVERED
October 1, 1991 through May 17, 1992

TITLE OF PROJECT (80 cr,B^cters or less. Tnie must fit on one line between rtte borders.)

Analysis of Sudden Infant Death Syiidrome (SIPS) Risk Factors
PRINCIPAL INVESTIGATOR Ust other protessanal personnel below the Principal Investigator.) (Name, otie, laboraxyy. and institute affiliation)

iPI: H.J. Hoffman Special Ass^'t for Infant Mortality CD, DESPR, NICHD

U. Wash. (D. Peterson, G. van Beiie) ; Loyola U. (J. uoiaberg)
;

]

Kraus); Columbia U. (J. Parker, E. Krongrad) ; N.Y. State Hlth
COOPERATING UNITS (i' a^n

.UCLA (R. Harper, J

Dept. (S. Stanfast) ; U. Mo. (L. Hillman) ; U. Miami (M. Dapena) ; U. New Mexico (P

McFeeley) ; AFIP (T. Stocker, D. Selby)
LAB3RANCH

Office of the Director, DESPR
SECTION

INSTTUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL MAN-YEARS: PROFESSIONAL: OTHER:

CHECK APPROPRIATE BC'.ES)

m (a) Human subects

Zj (a1) Minors
_ (a2) Interviews

D (b) Human tissues D (c) Neither

SU»w«UARY OF WORK (Usi sandard unreduced type. Do not exceed the space provided.)

This project has terminated due to the departure of the Principal Investigator.

PHS 60*0 (Rev 1/84) CPO 9I4-9I*





DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT
ZOl HD 00860-12 ESPR

PERIOD COVERED
October 1, 1991 through May 17, 1992

TITLE OF PROJECT (80 characters or tess TiOe mus: Sr on one Ine txtween the borders.)

Analysis of Biomedical Time Series Data
PRINCIPAL INVESTIGATOR (Us; other professional personnel betow the Principal Investigator > (Name, title, latioratory, and institute affiliasion)

PI: H.J. Hoffman

Other: H. Quan

Special Ass't for Infant Mortality OD, DESPR, NICHD

Visiting Fellow BMSB, DESPR, NICHE

COOPERATING UNiTS frf any)

GRC, NIA (M. Brock) and NIAID (D. Ailing, A. Jones, N. Bergassa)

LAB/BRANCH
Office of the Director, DESPR

SECTION

'''Wmr'kWTeZhesda, Maryland 20892

TOTAL MAN-YEARS: PBOFESSONALj
1

OTHER:

CHECK APPROPRIATE BOX(ES)

B (a) Human subjects

El (a1) Minors

D (a2) Interviews

G (b) Human tissues D (c) Neither

SUMMARY OF WORK (Use stanoard unreduceC type Do not exceed the space provided.)

This project has terminated due to the departure of the Principal Investigator.
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OEPAfHlMcKO OF HtALTh AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT iOl HD 00871-07 ESPR

PERIOD COVERED

October 1, 1991 through May 17, 1992

TITLE OF PROJECT (80 characters or less. 77fte must tit on one line between the borxSers )

Clinical Trial of New Drug Therapy for Cystlnosis
PRINCIPAL INVESTIGATOR (List ottier protessional personnel below the Principal Investigator.) (Name, title, laboratory, and institute aftiSatnn)

PI: H.J. Hoffman Special Ass't for Infant Mortality CD, DESPR, NICHD

COOPERATING UNITS 'rf any)

BS, EBB, DMID, NIAID (G. Reed); HGB, IRP, NICHD (W. Gahl) ; U. California, San

Diego (J. Schneider); U. Michigan Medical School (J. Thoene) , U. Texas Health

Science Center, Dallas (J. Reisch)

LAB/BRANCH

Office of the Director, DESPR
SECTION

INSTfTUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892

TOTAL MAN-YEARS

.2

PROFESSIONAL:

.2

OTHER:

CHECK APPROPRIATE BOX(ES)

B (a) Human subjects

El (a1) Minors

E (a2) Interviews

D (b) Human tissues D (c) Neither

SUMMARY OF WORK (Use stancard unreduced type. Do not exceed the space provided.)

This project has been transferred to CRMC/NICHD with the departure of the Principal

Investigator.
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NOTICE OF INTRAMURAL RESEARCH PROJECT
ZOl HD 008/b-Oi ESPR

PERIOD covere:
October 1, 1991 through September 30, 1992

TITLE OF PROJEC" (80 characters or less We must lit on one line between itte boners )

Biological Effects of Delayed Childbearing
PRINCIPAL INVES GATOR lljsl otrte' professional personnel below the Pnncipal Im^stigator.) (tome, title aboratory. and mstmite affixation;

PI : S . Cnattinglus

Others

:

H . Berendes
L. Isotalo
M. Forman

Visiting Scientist

Director
Voliinteer

Epidemiologist

DESPR, NICHD

DESPR, NICHD
DESPR, NICHD
CPSB, DCPC, NCI

COOPERATING UN TS (if any)

LAB/BRANCH

Office of the Director, DESPR
SECTION

INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL MAN-YEARS

.4

PROFESSIONAL:

.3

1 OTHER
.1

; CHECK APPROPRIATE BOX(ES)

^ (a) Human subjects

C (a1) Minors

IZ {a2) Interviews

D (b) Human tissues _ (c) Neither

SUMMARY OF WO^K (Use standard unreduced type. Do not exceed the space provced.)

There has been a marked increase in first births among women age 30 or more in the

U.S. and the numbers have increased from 1975 to 1986 from 69,000 to 230,000 per

year. There is a controversy as to whether there is an increased risk of adverse

birth outcome among delayed childbearers . There is also a question whether the

reported increase risk in adverse birth outcome is due to confounding by other

factors

.

This research is using a population based Swedish data set of more than 500,000

births from 1983 to 1987, which in addition to demographic characteristics includes

information on medical and pregnancy complications, history of infertility,

reproductive history, as well as smoking. This is a unique data set and we are not

aware of any comparable population based information in the United States.

Several manuscripts have been developed and submitted and two are currently in

press.
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DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT ZOl HD 01700-05 ESPR

PERIOD COVERED

October 1, 1991 through October 2, 1991
TITLE OF PROJECT (80 characters or less. Title must tit on one line berween the boraers.)

Study of the Efficacy of IVIG in HIV Infected Children
PRINCIPAL INVESTIGATOR (List other professional personnel below the Pnncioal Investigator.) (Name, title, laboratory, and institute atliliation)

PI:

Others

:

H.W. Berendes Director

A. Willoughby (Co -P. I.) Head
J . Rigau Senior Epidemiologist

DESPR, NICHD

PAMA, CRMC, NICHD
EB, DESPR, NICHD

COOPERATING UNITS (it any)

PAMA, CRMC, NICHD (R. Nugent, L. Mofenson)

LAB/BRANCH

Office of the Director, DESPR
SECTION

INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL MAN-YEARS:

0.2

PROFESSIONAL

0.2

OTHER;

CHECK APPROPRIATE BOX(ES)

CI (a) Human subjects

H! (a1) Minors

E (a2) Interviews

D (b) Human tissues D (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

This project has been transferred to CRMC/NICHD.
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NOIlC£ Uf- iNiHAMUfiAL RhSEAHCH PROJECT

PERIOD COVERED

October 1, 1991 through September 30, 1992

TITLE OF PROJECT (80 characters or less Title rnust tit on ona line between the borders.)

Evaluation of the Impact of a Model Prenatal and Follovmp Program in Baltimore

PRINCIPAL INVESTIGATOR {List other professional personnel below the Principal Investigator ) (Name, title, laboratory, and institute affiliation)

PI: H. W. Berendes

Other: A. Herman
B . Wingrove

Director

Visiting Scientist
Computer Specialist

OD, DESPR, NICHD

EB, DESPR, NICHD
CSB, DESPR, NICHD

COOPERATING UNITS (if any)

Department of Health, Baltimore City (Tom Coyle)

LAB/BRANCH

Office of the Director, DESPR

SECTION

INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892

TOTAL MAN-YEARS;

0.1
PROFESSIONAL

0.1
OTHER:

CHECK APPROPRIATE BOX(ES)

B (a) Human subjects

D (al) Minors

D (a2) Interviews

D (b) Human tissues D (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

This is a community based multi-risk factor intervention in a geographically

defined area of Baltimore designed to improve birth outcome, especially to reduce

the rate of low birth weight in the target population. The initiative for this

project has come from the Baltimore City Health Department. The Baltimore City

Health Department, in turn, has requested technical assistance by the staff of

DESPR in the design of the intervention and the evaluation of its impact upon the

target population. This is a quasi -experimental design which will compare outcome

measures which are available from vital records information for birth in the target

area during the period of the project with outcome measures derived from other

areas of Baltimore which are similar in population characteristics. In addition

there will be a process evaluation which will address smoking, drinking and drug

abuse as well as compliance with prenatal care and also knowledge and attitudes

about appropriate health behaviors during pregnancy.

Patients have been enrolled in this project since December 1, 1990 and

approximately 500 have been enrolled thus far.
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PERIOD COVERED

October 1, 1991 through September 30, 1992

TITLE OF PROJECT (80 Characters or less. Title must tit or\ one line Oerween f/ie borOers )

Infant Feeding Practices Among North African Jews

PRINCIPAL INVESTIGATOR (Ust other professional personnel below the Principal Investigator ) (Name, title. lalX}ratory. and institute affiliation)

PI: H.W. Berendes Director DESPR, NICHD

COOPERATING UNITS (it any)

Cancer Prevention Branch, DCPC, NCI, NIH (M.R. Forman) ; Biometry Branch, DCPC,

NCI, NIH (B. Graubard) ; Ben Gurion University of the Negev, Beer Sheva, Israel

(L. Naggan)
LAB/BRANCH

Office of the Director, DESPR
SECTION

INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL MAN-YEARS;

.05

PROFESSIONAL:

.05
OTHER:

.0

CHECK APPROPRIATE BOX(ES)

E! (a) -Human subjects (b) Human tissues D (c) Neither

D (a1) Minors

D (a2) Interviews

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

This is a study of infant feeding practices among North African Jews who immigrated

to Israel during the last decade. The objectives are the evaluation of infant

feeding practices and changes during the first year of life in relation to physical

growth and morbidity during the first three years of life. In addition it is

intended to relate maternal nutritional status during pregnancy to choice and

practice of infant feeding during the first few months of life.

The information obtained covers about 1,000 mother -infant pairs. The follow up of

these children has been for three years.

The data collection for this project was supported in part by an interagency

agreement between the Centers for Disease Control and the WHO.

The analysis is in progress and a manuscript in preparation.
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NOTICE OF INTRAMURAL RESEARCH PROJECT ZOl HI) 01/U:>-UJ LbJrr.

PERIOD COVERED

October 1, 1991 through September 30, 1992

TITLE OF PROJECT (80 characters or less. Title must lit on or^e line between the borders )

Study of Pregnancy Outcome, Maternal Death and Child Health in Pakistan

PRINCIPAL INVESTIGATOR (Ust other professional personnel below the Pnncipal Investigator ) (Name, title, laboratory, and institute attiliation)

PT: H. W. Berendes

Other: W. Calvert

Director

Head, Computer Sciences Branch

DESPR, NICHD

DESPR, NICHD

COOPERATING UNITS (it any)

Department of Community Health, Aga Khan University (Drs. John Bryant, Fariyal

Fikree, Farid Midhet, and Mehtab Karim) , Special Program for Research,

Reproduction and Family Planning of the WHO (Dr. Jose Villar)

LAB/BRANCH

Office of the Director, DESPR
SECTION

INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892

TOTAL MAN-YEARS:

0.2
PROFESSIONAL:

0.1
OTHER:

0.1

CHECK APPROPRIATE BOX(ES)

[1 (a) Human subjects

[1 (a1) Minors

S {a2) Interviews

D (b) Human tissues D (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

This project has three components.

The Maternal and Infant Mortality Survey (MIMS) will provide estimates of maternal

and infant mortality rates from population based samples in Karachi and the four

provinces of Pakistan. In addition, the Survey will provide information on causes

of maternal and infant deaths and demographic and other determinants of maternal and

infant mortality.

The Pregnancy Outcome Study (POS) is a cross sectional and prospective study of

pregnant women from selected Katchi Abadies to identify determinants of poor birth

outcome in this population.

The Child Survival Study (CSS) is a follow up study of live born children from POS

through two years of age to assess mortality, morbidity and physical and

developmental measures

.
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PERIOD COVERED

October 1, 1991 throuRh September 30, 1992
TITLE OF PROJECT (80 characters or less Title must lit on one line between the txirtjers.)

Stunting Among Bedouin Arab Children in the Negev, Israel

PRINCIPAL INVESTIGATOR (List other professional personnel below the Principal Investigator.) (Name, title, laboratory, and institute affiliation)

PI: H.W. Berendes Director DESPR, NICHD

COOPERATING UNITS (if any)

Cancer Prevention Studies Branch, DCPC, NCI, NIH (M.R. Forman) ; Ben Gurion
University of the Negev, Beer Sheva, Israel (G. Hundt)

LAB/BRANCH
Office of the Director, DESPR

SECTION

INSTITUTE AND LOCATION
NICHD, NIH, Bethesda, Maryland 20892

TOTAL MAN-YEARS;
.05

PROFESSIONAL:
.05

OTHER:
.00

CHECK APPROPRIATE BOX(ES)

[1 (a) Human subjects D (b) Human tissues D (c) Neither

Q (a1) Minors

Q (a2) Interviews

SUMMARY OF WORK (Use standanJ unreduced type. Do not exceed ttie space ptwided.)

This is a follow up study of two sub -cohorts of Bedouin Arab children who were part
of the infant feeding of the NICHD and the Epidemiology Unit of the Ben Gurion
University of the Negev study conducted between 1981 and 1983. Children from this
original cohort will be identified through the school system and their height, weight
and head circumference ascertained. In addition, information will be obtained
through interview, both in the school and in the home to ascertain current
socioeconomic status of the family, changes over time, as well as significant
morbidity. The total sample will include 713 children and their mothers.

Funding for this study was obtained from the Israel Binational Science Foundation
with Dr. Hundt listed as the Israeli principal investigator and Drs . Berendes and
Forman as the U.S. principal investigators.
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NOTICE OF INTRAMURAL RESEARCH PROJECT ZOl HD 01800-02 ESPR

PERIOD COVERED
October 1, 1991 through September 30, 1992

TITLE OF PROJECT (80 characters or less. Title must fit on one line between the borders.)

Data Coordinating Center for the NICHD Study of Early Child Care

PRINCIPAL INVESTIGATOR (List other professional personnel below the Principal Investigator.) (Name, title, laboratory, and institute

PI: K.H. Fendt Expert DOG, DESPR, NICHD
Other: B.K. Knoke Computer Specialist DCC, DESPR, NICHD

Mark Appelbaum Methodologist/IPA DCC, DESPR, NICHD

COOPERATING UNITS (if any)

CRMC, NICHD/NIH

LAB/BRANCH

Office of the Director, DESPR

SECTION

Data Coordinating Center
INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892

TOTAL STAFF YEARS:

7.4
PROFESSIONAL

2.4
OTHER:

5.0

CHECK APPROPRIATE BOX(ES)

(a) Human subjects D (b) Human tissues D (c) Neither

(a1) Minors
m ra2) Interviews

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

This study is a 10-site cooperative agreement to examine the effects of non-

maternal care, especially during the first year of life, on the social and

intellectual development of children in an ecological framework which takes into

account the complex interactions of non-maternal care experiences with home and

family conditions, parenting practices, and child characteristics. Over 1200

families have been enrolled in the study during 1991. These families will

participate in the study for 35 months.

The Data Coordinating Center (DCC) is responsible for data management, protocol

monitoring and analysis. It serves as the data coordination center and is the

focal point for receipt of collected data and data processing

The DCC is currently designing forms and writing and editing chapters of the

Operations Manuals for 24- and 36-month data collection procedures. Concurrently
6- through 18-month data are being received from the sites, entered to computer

files, edited and summarized for monitoring purposes. Routine edit reports are

being distributed to the sites regularly.





DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 00841-11 BB

PE=1I0D COVERED
October 1, 1991 through September 30, 1992

TITLE OF PROJECT (80 characters or less. Title must tit on one line between tfx boftlers-)

Methods for Comparing and Analyzing Data from Several Complex Surveys

PRINCIPAL INVESTIGATOR (Ust other protesstonal personnel below the Prinapal Investigator) (Name. HOe. laboratory, and institute atliliaaor)

PI: K.F. Yu

Others: H.J. Hoffman
M.D. Overpeck
Y.J. Lee

Mathematical Statistician

Chief, Epidemiology
Health Statistician
Chief

BMSB, DESPR, NICHD

OD, EB, NIDCD
EB, DESPR, NICHD
BMSB, DESPR, NICHD

COOPERATING UNITS (if any)

BB, CTS, DCPC, NCI (B. Graubard) ; BRB, NCI (E. Korn)

LAS'BRANCH

Biometry and Mathematical Statistics Branch, DESPR
SECTION

INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL MAN-YEARS:

0.2

PROFESSIONAL:

0.2
OT-IER;

0.0

CHECK APPROPRIATE BOX(ES)

G (a) Human subjects

D (a1) Minors

D (a2) Interviews

D (b) Human tissues El (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space Bfovided.)

This Study, will develop statistical methods for the analysis of data from complex

sample surveys and test them empirically using the National Health and Nutrition

Examination Survey I and II (NHANES) . The research concentrates on ways to test

hypotheses about the coefficients that derive from multiple linear regression of

survey data. Existing methods which use Wald test statistics are compared to newly

developed approaches based upon Bonferroni t- statistics and jackknifed Wald

statistics. These regression methods have been applied to the NHANES data sets to

determine if they can be used to provide ways to analyze the complex relationships

of growth and nutrition .

Survey statistical methods proper for the National Health Interview Survey (NHIS)

have begun. Data sets from the Child Health Supplement of NHIS, 1988 will also be

examined.
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DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 00850-16 BB

PERIOD COVERED

October 1, 1991 through September 30, 1992
TITLE OF PROJECT (80 characters or less. We rr)ust fit on one tne txtween the bofdars.;

Randomized, Controlled Study of Phototherapy for Neonatal Hyperbilirubinemia
PRINCIPAL INVESTIGATOR (Ust otiter prafessanaJ personnel bekm tfie Prmcipal btvestigator.) (Name, title, laboratory, and institute affiliation)

PI: D.A. Bryla Statistician BMSB, DESPR, NICHD

COOPERATING UNITS (if any)

Human Learning and Behavior Branch, CRMC, NICHD (P. Scheidt) ; Intramural
Research, Neuroepidemiology Branch, NINCDS (K. Nelson); Intramural Research,
Developmental Neurology Branch (D. Hirtz)

LAB/BRANCH

Biometry and Mathematical Statistics Branch, DESPR
SECTION

INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892

TOTAL MAN-YEARS:

0.2
PROFESSIONAL

0.2
OTHER:

0.0

CHECK APPROPRIATE BOX(ES)

E (a) Human subjects

a (a1) Minors

D (a2) Interviews

(b) Human tissues D (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed me space provided.)

This study, which began in 1974, is a cooperative , randomized clinical "t:rial to

determine the safety and efficacy of phototherapy for treatment of neonatal
hyperbilirubinemia by comparing phototherapy with non-phototherapy infants under
specific conditions. Babies were randomized by weight (less than 2,000, 2,000 -

2,499 and greater than 2,499 grams) to the phototherapy or non-phototherapy groups.

Infants, 2,000 grams and above, were admitted to the study when their bilirubin
reached levels specified in the study protocol. All infants under 2,000 grams were
admitted. Physical , neurological and mental development of these infants were
followed through six years of age.

The Biometry and Mathematical Statistics Branch served as a data center for this
study and was the focal point for receipt of examination forms. The master files
for each year's follow-up were edited for keypunch and coding errors and for
internal consistency.

The Branch is now analyzing the data in cooperation with the principal investigators
from the cooperating units . During this year a study of the control segment of the

trial demonstrated that no long-term neurologic toxicity was observed if neonatal
bilirubin was not permitted to raise above the levels permitted in this study.

The results of the newborn data were published in a supplement to Pediatrics in

February 1985. Six-year follow-up data was published in Pediatrics . April, 1990.

Intelligence at six years in relation to neonatal bilirubin was published in

Pediatrics . June, 1991.
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DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 00854-08 BB

PERKDO COVERED

October 1, 1991 through September 30, 1992

TTTLE OF PROJECT (80 characters or less Tne must fit on one line between the tJorOers.)

Analysis of MCH Data from the National Longitudinal Youth Survey

PRINCIPAL INVESTIGATOR (Ust otner protessonal personnel below the Pnncipal Investigatoe.) (Name, title, laboratory, and institute atlUiation)

PI: D.A. Bryla

Others: H.J. Hoffman

Statistician

Chief, Epidemiology

BMSB, DESPR, NICHD

CD, EB, NIDCD

COOPERATING UNITS (it any)

Pregnancy and Perinatology Branch, CRMC, NICHD (D. McNeills); Ohio State

University (F. Mott)

LAB/BRANCH

Biometry and Mathematical Statistics Branch, DESPR

SECTION

INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892

TOTAL MAN-YEARS;

0.1
P=OFESSIONAL:

0.1
OTHER:

0.0

CHECK APPROPRIATE BOX(ES)

ED (a) Human subjects

D (a1) Minors

B (a2) Interviews

C (b) Human tissues D (c) Neither

SUMMARY OF WORK (Use standanJ unrcduaa type. Do not exceed the space provided.)

The Branch's primary goal in this project is to collect, analyze, and_publish data

based on a series of annual interviews of young women (aged 14 to 21 on January 1,

1979) regarding their pregnancy outcome and the first year of life of the child.

This survey allows analysis of trends over time in the maternal and child health
field of, for example, the use of obstetric technology (diagnostic ultrasound,

amniocentesis, etc.), and patterns in breast-feeding . This survey has been

collecting data on the youth cohort sample in relation to their employment and work

history , military service , educational attainments, etc.

The Biometry & Mathematical Statistics Branch (BMSB) began collecting data on

pregnancy outcome and the first year of life of the child in 1983. With this six

year data base, analysis of trends over time in the maternal and child health will

be done. We will concentrate on analyzing prenatal care and birth weight versus
working and non-working mothers, well baby care including immunizations by socio-

economic characteristics.
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DEPARTUcrrr of health and human services - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 00855-01 BB

PERIOD COVERED

October 1, 1991 through September 30, 1992

TITLE OF PROJECT (SO ostracters or Jess. TTOe must « on one line txtween ttte borders.)
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SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

This study will develop statistical methods for estimating the standardized-risk

difference and the common odds ratio for a number of contingency tables. The
]

optimality properties of the developed methodology will be investigated and :

established. The likelihood equations are to be derived and the weighted least
;

squares, the weighted total, the maximum likelihood and the conditional maximum !

likelihood and the conditional maximum likelihood methodologies are to be examined. ;
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SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

This Study will examine the intrinsic difficulty of estimating subpopulation

characteristics when the identities of the observations are not completely known.

Hard clustering and fuzzy clustering techniques are investigated. This study will

develop estimation of methodologies for the subpopulation characteristics. The new

methodologies will alleviate some of the intrinsic difficulties for a heterogeneous

mixture of subpopulations

.
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SUMMARY OF WORK (Use r^ndard unreduced type Do rot exceed tr>e space provided.)

Methodological research in statistics is motivated often by interest in

methodological/theoretical statistical questions. Consulting and collaborative

projects also motivate the research because existing methods and theories may be

inadequate to handle their data analysis or study design.

Recently Dr. Lee completed a paper on approximating P-values after repeated

significance testing. Methodological research in missing data in clinical trials

and also in estimating confidence intervals for the difference in survival rates of

t:wo populations is ongoing. Such research is motivated more by general

methodological interest in statistics and biostatistics because resulting methods

are more broadly applicable. Dr. Park has been actively engaged in regression
models for repeated measurements with or without missing data. Dr. Troendle is

working on time series methods

.

Dr. Troendle is studying the statistical power of an existing method when it is

applied to the data with many (emphasis added) outcome variables. This research is

motivated by the need to analyze the DIEP study where 55 types of minor
malformations were studied to determine the effect of mothers' diabetes on her baby.

Drs. Lee and Park have been working on statistical methods of analyzing time to

extubation in premature babies with intubation for mechanical ventilation while some

babies die before the extubation. These are some of the problems encountered in the

course of collaboration and consulting. Innovative modification and application as

well as new methods are required to handle such data.
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This project was merged with ZOl HD 00857-01, Methodological Research in

Mathematical Statistics and Biostatistics.
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D (a2) interviews
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i SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

i
This project comprises three components:

The first component considers two methods in the literature for combining data from

a series of comparative trials . One method assumes a fixed effect while the other

assigns a random effect to each trial at hand. The study evaluates the performance
of each method under various heterogeneity assumptions and with several scales of

measurement, including the risk difference and the odds ratio as measures of effect.

The second component extends and adapts the meta-analytic methods appropriate for

clinical trials to combining the evidence from a series of epidemiological studies

(both case-control and cohort designs). Partial results from this section of the

project are to appear in Journal of Clinical Epidemiology (in press).

The third component develops and compares parametric and non-parametric tests to

assess the assumption of homogeneity of effects in data from a series of trials.

The study considers data from Gaussian, binomial, and poison sampling distributions.
The tests under comparison include the C-alpha test of homogeneity, asymptotic
maximum likelihood methods, non-parametric maximum likelihood methods, standard chi-

squared tests of homogeneity, score and likelihood ratio tests.
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SUMMARY OF WORK (Use stanrjard unreduced type. Do not exceed the space provided.)

This project is a continuous collaboration with the Laboratory of Developmental and

Molecular Immunity (LDMD) in vaccine development. IDMI is developing vaccines

against such diseases as cholera, meningitis shigellosis and bacteremia.

The Biometry and Mathematical Statistics Branch analyzes antibody titers from animal

and human sera and participates in protocol preparation and clinical trial design.

Various statistical tests, such as, paired and unpaired t test, Fisher's Exact test,

Pearsons correlation and other tests, are used when appropriate.
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SUMMARY OF WORK (Use sandarz jveducec type. Do not exceed the space proviOed ) i

In ordinary linear regression analyses, we must often transform the dependent •

variable to satisfy the usual statistical assumptions of normality, variance .

stability, and linearity. Use of transformations, however, complicates!

interpretations of model parameters. In this project, we derive simple'

interpretations of linear models that include transformations or interaction terms. :

These derivations do not replace more traditional presentations but complement and

;

enhance them as an aid to understanding results. A key advantage is that they allow
j

the presentation of results on the original, untransformed scale that is familiar,

to clinicians , rather than on transformed scale that involves logarithms or power

transformations.

Preliminary results from this project are to appear in Annals of Epidemiology (in

press) .
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SUMMARY OF WORK lUse standard unreduced type. Do not exceed the space provided.)

This study develops closed- form maximum likelihood estimates for data from

contingency tables with missing values on some or all variables. We derive the

estimates for t:wo-way contingency tables via loglinear models that are easy to

specify and that generalize readily to multi-way tables with missing data on some

or all variables. The loglinear models we propose have the advantage of providing
information about the missing-data mechanism and ascertaining how assumptions about
the missing-data mechanism effect inference.

The results of the method for two-way contingency tables were published in

Statistics in Medicine . 1992 (Volume 11).





DEPARTMENT OF HEALTH AND HUMAN SERVICES - PUBLIC HEALTH SERVICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 00863-01 BB

PERIOD COVERED

October 1, 1991 through September 30, 1992

TITLE OF PROJECT (80 characters or ess Title must fit on one line between ttie Ixyders.)

Data Analysis for Vaccine Development
PRINCIPAL INVESTIGATOR (Ust other protessionaJ personnel below the Principal Investigator.) (Name, title, laboratory, and institute atfiliationj

PI: D.A. Bryla Statistician BMSB, DESPR, NICHD

COOPERATING UMTS (il any)

Laboratory of Developmental & Molecular Immunity, NICHD (J Robbins)

LAB/BRANCH

Biometry and Mathematical Statistics Branch, DESPR
SECTION

INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892

TOTAL MAN-YEARS:

0.7
PROFESSIONAL:

0.7
OTHER:

0.0

CHECK APPROPRIATE BOX(ES)

[S (a) Human subjects

S (al) Minors

D (a2) Interviews

D (b) Human tissues D (c) Neitlier

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

This project is a continuous collaboration with the Laboratory of Developmental and

Molecular Immunity (LDMD) in vaccine development. LDMI is developing vaccines

against such diseases as cholera, meningitis shigellosis and bacteremia.

The Biometry and Mathematical Statistics Branch analyzes antibody titers from animal

and hioman sera and participates in protocol preparation and clinical trial design.

Various statistical tests, such as, paired and unpaired t test, Fisher's Exact test,

Pearsons correlation and other tests, are used when appropriate.
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PREGNANCY

Maternal Factors

Illicit Drug Use

Several studies have suggested that maternal marijuana and/or cocaine use during

pregnancy is associated with the delivery of preterm and low birth weight

infants. However, it is possible that factors associated with the drug-abusing

lifestyle, such as poor nutrition, alcohol and tobacco use, sexually transmitted

diseases, or absence of prenatal care may be at least as important as the drug

use itself in determining pregnancy outcome. To address this question, Branch

Investigators are studying the correlates and effects of cocaine and marijuana

use in a large prospectively-assembled cohort of pregnant women. Women who were

subjects in the NICHD and NIAID-sponsored Vaginal Infections and Prematurity

(VIP) Study had serum drawn at study entry, 23-26 weeks' gestation. In addition,

serum was drawn at delivery and at 31-36 weeks to enable representative objective
assessments of illicit drug use. Samples of this serum are being screened for

marijuana and cocaine metabolites. Because extensive demographic, medical and

behavioral data were collected from these women, this study will be able to

determine the effects of exposure to cocaine and marijuana after controlling for

behavioral factors of the drug-abusing lifestyle.

Diabetes in pregnancy

The Diabetes in Early Pregnancy (DIEP) Project has continued to address problems

of diabetes and other risk factors for adverse pregnancy outcomes. The major

analysis completed this past year evaluated caffeine consumption during pregnancy

as a risk factor for spontaneous abortion or growth retardation. The DIEP was

very well suited for this analysis because pregnancies were identified within 21

days of conception (making ascertainment of abortions unusually complete) and

because caffeine consumption data were collected repeatedly during the pregnancy.

This analysis showed that caffeine consumption was not associated with an

increased risk for spontaneous abortion, intrauterine growth retardation (as

assessed by 1st trimester ultrasound), or decreased head circumference at birth.

The crude data showed that caffeine was linked to lower birth weight percentile
(for gestational age, sex and race); however, the apparent effect of caffeine was
associated with confounding factors, notably smoking and maternal age. After
adjusting for these other risk factors caffeine was no longer a significant risk

factor for lower birth weight. Because most of the subjects were moderate or

light drinkers (few exceeded the equivalent of 3 cups of coffee per day), Branch
investigators concluded that moderate consumption of caffeine during pregnancy
is unlikely to produce any adverse effects.



The DIEP is continuing to generate new laboratory data. Blood specimens have

recently been assayed to study the relationship between serum and plasma

glycosylated proteins and pregnancy outcomes in diabetic pregnancies. These data

will enable Branch investigators to relate spontaneous abortions and

malformations to a summary measure of diabetic control over the 2 to 4 weeks

prior to specimen collection.

Additional laboratory studies will enable analysis of serum antisperm and

anticardiolipin antibodies as risk factors for spontaneous abortion. Because

serum samples are available from very early in pregnancies of women who

experienced a spontaneous abortion, Branch investigators plan to define the role,

if any, that these antibodies play in first trimester abortion.

The DIEP is conducting several other analyses at present. These include

examining the role of diabetes in minor congenital malformations, characterizing

how insulin requirements change in successful and unsuccessful diabetic

pregnancy, and examining the role of infection in very early pregnancy loss.

Preeclampsia

A recent study found that women who use barrier methods of contraception prior

to pregnancy are at increased risk for developing preeclampsia. Theoretically,

barrier methods prevent preconception exposure to paternal antigens. This lack

of pre-conception desensitization could result in a maternal immune response to

the fetus and subsequent preeclampsia. Branch investigators have analyzed data

from the Vaginal Infection and Prematurity and the Walnut Creek Birth Defects

Studies to examine this possibility. This analysis, published in the Journal of

the American Medical Association , demonstrated no increased risk of preeclampsia

in women who used barrier methods prior to pregnancy.

Group B streptococcal colonization

The Vaginal Infections and Prematurity (VIP) Study has provided a unique

opportunity to evaluate several cogent issues regarding the epidemiology of group

B streptococcal cervicovaginal colonization during pregnancy. Branch

investigators addressed whether group B streptococcal colonization at 23-26

weeks' gestation is associated with adverse pregnancy outcomes, and whether

treatment of colonized women with erythromycin improves pregnancy outcomes.

Although these analyses demonstrated that colonized women were not at increased

risk for preterm or low birth weight deliveries, or for rupture of membranes

before labor, the subgroup of heavily colonized women who had not received

antibiotics after mid-gestation were at higher risk for these outcomes. These

findings raise the possibility that heavy colonization, rather than colonization

per se, may be a risk factor for adverse pregnancy outcomes. However, in the

clinical trial component of VIP, erythromycin therapy did not result in a

reduction in preterm births or low birth weight infants among colonized women,

even though the drug did effectively reduce the occurrence of colonization.

Traditionally, it has been believed that sexual intercourse during pregnancy,

especially during late pregnancy, may increase the risk of preterm delivery and

other adverse pregnancy outcomes. In addition, lower genital tract colonization

with specific microorganisms has been associated with preterm delivery. Data

from the VIP Study were analyzed to determine how the relationship between sexual

intercourse during pregnancy and gestational age at delivery may be modified by



genital tract colonization. Analyses of these data, to be published in the

American Journal of Obstetrics and Gynecology, indicate that frequent intercourse

itself is not associated with an increased risk of preterm birth. However, women
who engage in frequent intercourse and who are colonized with Trichomonas
vaginalis, Mycoplasma homonis or bacterial vaginosis are at increased risk of

preterm delivery.

Paternal Factors--Fertilitv

In regions with warm climates, the birth rate is reduced during the spring

season. This observation raises the possibility that summer heat, nine months
earlier, might cause the quality of semen to deteriorate, thereby diminishing the

rate of conception. To test the plausibility of this hypothesis, Branch
investigators obtained semen in summer and winter from men who worked in the

vicinity of New Orleans, Louisiana. Interestingly, although reductions in semen

quality, expressed as sperm concentration, total sperm counts, motile-sperm
concentration, and concentration of sperm with normal morphology, were noted in

summer relative to winter, these reductions were similar for men who worked in

air-conditioned environments and for men who worked outdoors. These findings do

not support the concept that heat per se explains the observed seasonal variation
of semen quality, and raise the possibility that photoperiod length may play an

important role in this variation.

Infant Outcomes-- Low Birth Weight

Intergenerational studies

It is known that low birth weight tends to recur across generations. Evidence
from linked birth certificates of mothers and children born in Tennessee
indicated that the rate of intrauterine growth of the mother mediates this effect
more strongly than does length of gestation. In an additional study by the
Branch, investigators studied the relationship between a mother having been born
small-for-gestational age (SGA) or preterm, and giving birth to a SGA or preterm
infant. The study analyzed 1097 women born in Denmark between 1959-61, and their
1756 live born singleton infants. This study was unique, because birth weight
information about paternal weight was also available for analysis. The data
revealed that SGA mothers were more likely to give birth to SGA but not preterm
infants, and, conversely, that preterm mothers were more likely to give birth to

preterm but not SGA infants. Paternal birth weight was also directly associated
with infant birth weight, but to a lesser degree than maternal birth weight.
These findings demonstrate the growth-restraining effects of both parents on the
fetus, and underscore the need to account for parental birth weight in studies
of low birth weight.

Branch investigators have recently completed a similar study in which women who
were born in 1959-66 in the Philadelphia and Providence cohorts of the
Collaborative Perinatal Project were located, and the outcomes of their
pregnancies determined. Analysis of this study is in progress.

Risk factors for low birth weight in different ethnic groups

In an effort to uncover determinents of the risk of having low birth weight
pregnancy outcomes among urban Black women, the Branch carried out a case-control
study of infants born to Black residents in the District of Columbia. Seven



major maternal risk factors for low birth weight were identified: never having

married, a history of an earlier stillbirth, a history of an earlier low birth

weight baby, alcohol use during pregnancy, use of street drugs during pregnancy,

smoking during pregnancy, and the presence of anemia during pregnancy. Although

a history of an earlier stillbirth had the largest adjusted odds ratio, its

attributable risk was small (3%). In contrast, smoking during pregnancy had a

relatively low odds ratio but its attributable risk was large (19%). This study

suggests that implementing an effective smoking intervention could have a

significant impact on the problem of low birth weight infants born to urban Black

women

.

Known risk factors do not explain the two-fold increase in incidence of low birth

weight infants among Black women as compared to White women in the U.S. Nor do

they explain why Hispanic women, in whom low economic status and lack of formal

education are common, have relatively low rates of low birth weight pregnancy
outcomes. The Branch is currently investigating the potential importance of

social support, level of physical activity, nutrition, stress and other candidate

risk factors for low birth weight in a prospective study of pregnant women from

six ethnic groups selected in New York and Chicago: American Black, Chinese,

Dominican, Mexican, Puerto Rican, and White. Initial analyses indicate that risk

factors for low birth weight outcomes may indeed differ between different ethnic

groups. Notably, although maternal smoking was found to be significantly

associated with the occurrence of low birth weight in Blacks and Puerto Ricans,

the association was substantially weaker in the other ethnic groups under study.

Ecological predictors

Conventional analyses of predictors of low birth weight deliveries typically

focus on features ascertained at the level of the mother or of the mother's
family. To ascertain whether ecological features of the mother's neighborhood
also predict the occurrence of low birth weight, Branch investigators studied
approximately 75,000 births occurring in Baltimore, Maryland, between 1979-87.

The analysis, to be published in Ethnicity and Disease , focused on the 204 census
tracts of Baltimore city, and characterized each tract according to the

proportion of families falling below the Federally defined poverty level. The

analysis found that traditional sociodemographic predictors of low birth weight
ascertained at the level of the mother or the family, such as race, educational

attainment, and family income and structure, predicted the occurrence of low

birth weight. However, the level of poverty of the mother's residential
neighborhood also was independently predictive. These intriguing findings point
to a neighborhood dimension of poverty whose effect on pregnancy outcomes is not

adequately captured by consideration of conventional maternal-and family-level
variables.

Intrauterine growth retardation and perinatal mortality

Conventional techniques used to divide infants into various growth groups are

based on simple gestational age-specific birth weight thresholds. Branch
investigators studied approximately 270,000 single births from the Norwegian
Birth Registry and partitioned infants into various birth weight groups using a

probabilistic partitioning technique called fuzzy clustering. This approach
allowed the investigators to examine Inortality risks associated with growth

retardation within very fine gradations of birth weight. The analysis found
that, at low birth weights, growth retardation was associated with increased



fetal mortality rates (when compared with appropriate growth) and decreased rates

of neonatal mortality.

Very low birth weight

In order to examine the effect of births with weights of less than 750 grams on

total infant mortality in the U.S., Branch investigators analyzed data from the

1983 National Center for Health Statistics linkage of birth and death
certificates. This analysis, published in the American Journal of Public Health

,

showed that infants weighing <750 grams, which comprise only 0.3 percent of all

births, account for 25 percent of deaths in the first year of life and 41 percent

in the first week. If interventions had prevented the deaths of these very small

babies, the 1983 infant mortality rate would have been 8.3 per 1,000 live births

instead of 10.9, and the Black/White mortality differential in infant mortality
rates would have been reduced by 25 percent.

Infant Outcomes- Birth Defects

Several different investigations regarding neural tube defects (NTD) have been

completed in this fiscal year. Branch investigators published the U.S. -Finland
NTD Study in The Journal of Pediatrics . This study demonstrated that in Finland,
a low rate area for NTD, there was no difference in maternal serum folate, B12
or retinol early in pregnancies of mothers who had NTD infants versus mothers of

unaffected infants. This suggests that folate is not a factor in low risk areas,
or that the effect of folate is not mediated by deficiency in serum folate.

The NICHD Neural Tube Defect Study completed an analysis of maternal weight as

a risk factor for birth defects. This investigation demonstrated that obese
women were at significantly increased risk of having a child with a major
congenital malformation compared to women of normal weight. This increased risk
was seen in very obese women (body mass index greater than 31 kg per meter
squared). An excess of NTD and four other types of malformations was seen in

their offspring. Underweight women were not at increased risk. This report has
been submitted for publication.

Infant Outcomes- Twin pregnancy

That twins are at increased risk of multiple adverse health outcomes is well
known. However the outcomes reported vary from study to study, and are often
defined inconsistently. In addition, reports on this topic often originate from
teaching hospitals, restricted geographic areas within the United States, or
jurisdictions outside the U.S. Because of referral bias, reports from teaching
hospitals probably overestimate the rates of adverse outcomes. Reports from
defined geographic areas should eliminate the referral bias, but their limited
scope or non-U. S origin limits their general izability to the U. S. population.

The availability of recent US Linked Birth/Infant Death data sets provided a

unique opportunity to examine contribution of twin pregnancy to overall infant
death rates and its sub-components in an entire U.S. birth cohort. Branch
investigators, in collaboration with scientists from NCHS, are assessing the
relative risk and population attributable risk of five adverse pregnancy outcomes
in twin versus singleton pregnancies in the 1985 and 1986 US Linked Birth/Infant
Death file: very low birth weight (VLBW), low birth weight (LBW), neonatal death,
post-neonatal death, and infant death. They will also analyze the proportion of



neonatal and post-neonatal deaths among twins that is related to having been LBW
or VLBW. These analyses will be conducted separately for Blacks and non-Blacks,

and they will be compared to their counterparts from 1960, the last time a US

Linked Birth/Infant Death file was prepared.

Infant Outcomes- Infant Mortality

Sudden infant death syndrome

Smoking during pregnancy has been implicated in past studies as a possible risk

factor for the Sudden Infant Death Syndrome (SIDS). It has also been reported
that SIDS cases of mothers who smoked die at an earlier age than SIDS cases of

non-smoking mothers, and that a dose-response relationship exists for the

relationship between maternal smoking and the risk of SIDS. Branch investigators
attempted to confirm these relationships in two large data sets: linked birth and

death certificates between 1980-85 in Missouri, and the NICHD SIDS Cooperative
Epidemiological Study. Both data sets revealed an association between smoking
during pregnancy and the occurrence of SIDS. However, neither data set exhibited
a relationship between age of SIDS deaths and a history of smoking during
pregnancy. Moreover, although an apparent dose-response relationship was evident
in the Missouri data set, such a relationship was not detected in analyses of the

Cooperative Study. These negative findings, while not negating the validity of

the maternal smoking-SIDS association, raise questions as to whether the

association is causal.

Ongoing Clinical Trials

Calcium supplementation trial ,

The results of six clinical trials suggest that supplemental calcium may prevent
preeclampsia. Methodologic problems, however, limit the credibility of the

results and their generalizability to other patient populations. Moreover, none
of the trials has reported the outcome of systematic surveillance for
urolithiasis, an important possible complication of treatment. In response to

the need for a definitive evaluation of the effects of calcium supplementation,
the Epidemiology Branch is conducting a trial at five U.S. university medical
centers. 4500 healthy nulliparous patients will be randomly assigned to receive
either 2 g ingested supplemental calcium daily or placebo in a double-blind
study. Medication is administered beginning between 13 and 21 completed weeks
of gestation and is continued until the termination of pregnancy. Monitoring for
the major study endpoints - pregnancy-associated hypertension and proteinuria,
preeclampsia, eclampsia, and HELLP syndrome - and for urolithiasis is being
undertaken in a systematic and standardized fashion. This monitoring includes
measurement of blood pressure, proteinuria, and hematuria at uniformly scheduled
prenatal clinic visits and surveillance for hypertension and proteinuria during
labor, delivery, and the first 24 hours postpartum. The trial is designed to

have adequate statistical power to detect a 43% reduction of the risk of
preeclampsia in the calcium group. Enrollment of subjects began in May 1992.

Smoking

Maternal smoking has been identified as the most important modifiable risk factor
for low birth weight. The Epidemiology Branch has developed a smoking
intervention project designed to be easily incorporated into routine prenatal



care. The "Baby & Me: Smoke Free" behavioral intervention package is being

evaluated in a randomized clinical trial, the Smoking Trial of Pregnancy (STOP).

This is a joint project of NICHD and the American College of Obstetricians and

Gynecologists. Approximately 75 obstetric practices, containing a total of about

1200 participating pregnant smokers, will be randomized to a physician-centered
or patient-centered approach for smoking cessation. Changes in smoking behavior

in the two groups will be compared both by administration of questionnaires and

by measurement of urinary cotinine levels. The study will also examine birth

weight differences of infants born to women in the intervention and control
groups. Study materials were been developed and the pretest phase of the project
was completed in September, 1990. The pilot for the full trial began in March,

1992.

PEDIATRICS

Neonatal Events

Sequelae of air leaks

That pulmonary air leak (pneumothorax or pulmonary interstitial emphysema) is a

risk factor for neonatal death (NND) and chronic lung disease (CLD) in

mechanically ventilated very low birth weight (VLBW) infants is a commonly held
belief. However, the strength of association between air leak and NND or CLD has

not been measured in a methodologically sound fashion. Branch investigators,
working with a data set gathered in several central Illinois intensive care
nurseries in the pre-surfactant era, are exploring the relationship between air
leak and several cogent adverse clinical outcomes. An interesting finding of
this study is that the nature and rate of adverse outcomes vary with the time of

development of the air leak. Infants who developed an air leak in the first 48
hours had a high risk of death, while infants who developed an air leak after 96
hours were at increased risk primarily for CLD. The complexity of this time-
dependent relationship probably explains why the strength of association has not
been well measured. The association between air leak and adverse outcomes will
undoubtedly be re-scrutinized in VLBW babies treated during the surfactant era,
and the time-dependent change in risk that has been discovered in the current
study will need to be addressed in future studies of the air leak-NND/CLD
relationship.

Umbilical artery catheters

It has been suggested that the site of placement of umbilical artery catheters,
used to monitor arterial blood gases in neonatal intensive care units, may
influence the rate of catheter-associated complications. Specifically, the
occurrence of intraventricular hemorrhage has been cited as a complication of
catheters placed high in the thoracic aorta. To provide more definitive evidence
about this possibility, Branch investigators conducted a clinical trial in the
neonatal intensive care units of twelve medical centers. 970 very low birth
weight infants were randomized to receive umbilical artery placement either in

the thoracic aorta, at the sixth to eighth thoracic vertebrae, or in the
abdominal aorta, at the level of the third to fifth lumbar vertebrae. Overall,
the occurrence of grades II-IV intraventricular hemorrhage or death within the
first five days of life was similar in the two groups. Although the rate of
these adverse outcomes was not significantly higher in high-placement infants
with birth weights of 750-999 grams, high placement was associated with a



significantly higher rate of these outcomes in infants with birth weights of

1000-1499 grams. In contrast, the occurrence of peripheral vascular

complications was significantly higher in the low-placement group. These

important observations indicate that the diverse complications of umbilical

artery catheters may depend on host characteristics of the neonate, and do not

appear to uniformly favor high vs. low aortic placement.

Hyperbilirubinemia in normal-sized neonates

It is uncertain whether peak neonatal serum bilirubin is associated with

important neurobehavioral sequelae. Branch investigators analyzed the

relationship between peak serum bilirubin levels among normal birth weight,

singleton neonates and the occurrence of neurological sequelae at seven years of

age, among 32,187 newborns studied during the pre-phototherapy era in the

Collaborative Perinatal Project. Mean IQs at age seven were unrelated to peak

neonatal bilirubin levels in Whites, but were somewhat lower in those Blacks who

had higher bilirubin levels. The overall occurrence of neurological

abnormalities was slightly, but not significantly, associated with peak levels,

and sensorineural hearing deficits were unrelated to bilirubin levels. These

findings indicate that the neurological sequelae of hyperbilirubinemia in normal

sized infants were modest, and suggest that a conservative therapeutic approach

for such infants may be appropriate.

Risk Factors in Childhood

Exposure to smoke

The adverse effects of maternal smoking during pregnancy on birth weight and

fetal growth have been well documented. The effects of smoking in the household

on the child are less well established. Branch investigators analyzed data from

the 1988 Child Health Supplement of the National Health Interview Survey to

examine the effects of both prenatal and postnatal exposure to cigarette smoke

on the health of children less than six years of age. This study revealed that

children who live with smokers are nearly twice as likely as children who live

in smoke-free households to suffer from health problems. Because about 50% of

all U.S. children under six years of age are exposed to familial cigarette smoke,

and 25% are exposed both pre- and postnatal ly, this elevation of risk suggests

that the portion of childhood illness attributable to exposure to smoke is

substantial. This work was published as an NCHS Advanced Data Report.

Receipt of human growth hormone

Branch investigators have collaborated with NIDDK on an investigation of the

long-term complications of receipt of human growth hormone. The effect of

receiving pituitary growth hormone on the risk for developing leukemia is under

evaluation. Data from Japan suggest that growth hormone recipients are at

several times greater risk for developing leukemia than the general population.

Initial findings from the present study do not show a similar risk. To date only

four subjects have developed leukemia after beginning treatment with growth

hormone.



Childhood Morbidity

Childhood injuries

Childhood injuries are known to be a frequent cause of hospitalization and death.
Branch investigators analyzed the 1988 Child Health Supplement to the National
Health Interview Survey to determine the following:

1. Increasing hours of non-guardian child care is not associated with an

increased risk of either total or serious injury. However, children under age

two whose mothers have less than 12 years of education do appear at greater risk
of serious injury when using part-time and multiple places of care across all

types of care. Children ages 4-5 who have few or no hours in center-based care
have an increased risk of serious injury compared to those with more hours of

care.

2. Twelve-month recall of medically attended injuries is affected by severity
of the injury, age and sex of the child, and the type of injury event.

3. Non-fatal injuries show a different epidemiological pattern from fatal
injuries, reflecting the interaction between types of exposures and developmental
stages. Male rates exceed female rates at all ages for most types of injuries,
although rates for both sexes are highest in the preschool and adolescent years.

4. Children of women who are problem drinkers have an elevated injury risk;
children with two parents who are problem drinkers are at even higher risk.

5. Parents of children without either health insurance or Medicaid are less
likely to report medically attended injuries, regardless of injury severity.
Studies based on injury reports from treatment sources could be biased when
assessing the effects of exposures associated with lack of medical coverage.

The National Center for Health Statistics linked birth and death records for U.S.
infants are being used to assess the demographic, socioeconomic and prenatal risk
factors associated with deaths due to injuries. U.S. studies of childhood deaths
have been limited to the extremely sparse information available on standard death
certificates.

Analysis of trends in drowning rates from 1971 through 1988 for U.S. children
shows marked decreases in rates for both White and Black adolescent males.
Infants and toddlers show little or no decrease so that rates were higher for
White toddlers than White adolescents. Black adolescents remained the group at
highest risk throughout the time period.

INFECTIOUS DISEASE EPIDEMIOLOGY

Infectious Disease Mortality

Low birth weight

Low birth weight is the major determinant of infant mortality and is associated
with increased childhood morbidity. Low birth weight babies would be expected
to be at greater risk of mortality due to infectious diseases, since the degree
and duration of neonatal immunologic immaturity may be inversely related to birth



weight and gestational age. Branch investigators hypothesized that birth weight

is inversely related to the risk of infectious disease mortality, with the

strength of the relationship decreasing with increasing age at death and also

varying according to whether low birth weight is a manifestation of preterm
delivery, small for gestational age (proportionate or disproportionate), or both.

Data from the Collaborative Perinatal Project were analyzed to determine whether

moderately low birth weight, singleton babies without congenital anomalies were

at increased risk of infectious disease mortality. Children with birth weight

of 1500 to 2500 grams were compared to children with birth weight >2500 grams

with regard to infectious disease mortality in the late neonatal and postneonatal

periods of infancy as well as in childhood. Preliminary results indicate an

increasing risk of infectious disease mortality with decreasing birth weight.

Childhood Diarrhea

Rotavirus

Rotavirus diarrhea is known to be a cause of significant morbidity and mortality
among young children in less-developed settings, but little is known about the

occurrence of rotavirus infections of different serotypes in these settings.

Because vaccine-induced protection against rotavirus may be serotype-specif ic,

this information is of crucial importance for the design of rotavirus vaccines.

Branch investigators, working in collaboration with the International Centre for

Diarrhoeal Disease Research, Bangladesh (ICDDR,B), studied the epidemiology of

rotavirus diarrhea in Matlab, a field area with about 200,000 residents in rural

Bangladesh. Results from two years of surveillance, published in the Journal of

Clinical Microbiology , demonstrated that infections due to all four rotavirus

serotypes coexist in this population, with a predominance of serotypes one,

three, and four. This pattern contrasts with the epidemiology of rotavirus in

developed settings, where only a single serotype is commonly detected during a

particular rotavirus season, and underscores the fact that multivalent vaccines
will be required for effective rotavirus control in less developed settings.

In other work performed in Matlab, Branch investigators conducted a case-control
study to ascertain the relationship between serological anti-rotavirus immunity
and the risk of rotavirus diarrhea of life-threatening severity in children.
This analysis demonstrated that the existence of any detectable serum IgG anti-
rotavirus antibodies attributable to an earlier rotavirus infection conferred 75%
protection against severe rotavirus diarrhea. These data, published in The

Journal of Infectious Diseases , suggest that a vaccine capable of simulating the
immune protection induced by even mild rotavirus infection may substantially
reduce the risk of a future severe rotavirus infection.

In a follow-up seroepidemiological analysis of the Matlab sera, in which case
rotavirus isolates were culture-adapted and serotyped, and case and control sera

were characterized according to titers of serotype-specif ic antibodies, the
relationship between serum antibodies and the risk of rotavirus diarrhea was
found to be both homologous and heterologous. These data, which are to be

published in The Journal of Infectious Diseases , suggest that serotype-specif ic

immunity is probably not critical to natural immune protection against rotavirus
diarrhea, and that further research to elucidate the basis for this protection
will be required for rational design of future rotavirus vaccines.



Shigella

Although breast-fed infants and children are conmionly regarded as protected
against Shigella diarrhea, properly controlled evidence is lacking. To assess
this possibility in rural Bangladesh, Branch investigators studied 1088 infants

and young children residing in neighborhoods with documented exposure to

Shigella . Examination of the relationship between breast feeding and the risk

of Shigella diarrhea revealed a protective association (odds ratio = 0.48,

P<.001). Notably, this protective association was evident in children who were
breast-fed up to 36 months of age, applied to infection by all species of

Shigella , and was evident for infections caused by Shigella resistant to multiple
antibiotics. These data, which are to be published in Pediatrics , highlight the
importance of breast-feeding promotion as a component of Shigella control
programs in developing countries, particularly in view of the increasing problem
of antibiotic resistance in these settings.

Persistent diarrhea

Recent studies have documented that persistent diarrheal syndromes, lasting more
than 14 days, account for a substantial portion of the burden of morbidity and
mortality among children in less developed countries. Branch investigators have
collaborated with workers at the All India Institute of Medical Sciences on

analysis of a community-based evaluation of the epidemiology of persistent
diarrhea among children in North India. In work published in the International
Journal of Epidemiology , analyses of this study demonstrated that children with
a recent episode of diarrhea of any duration had a substantial elevation of risk
of persistent diarrhea. These data indicate that persistent diarrhea may
constitute one manifestation of frequent, repeated episodes of diarrhea, and
suggest that mucosal damage inflicted by these episodes may constitute an

important factor in the pathogenesis of the persistent diarrheal syndrome.

AIDS

To evaluate the seroprevalence of and risk factors for human immunodeficiency
virus type 1 (HIV-1) infections among college students at a large university
campus in the Baltimore-Washington metropolitan area. Branch investigators, in

collaboration with investigators from the University of Maryland, conducted a

voluntary serological survey linked with a risk factor questionnaire. In a paper
published in the Sexually Transmitted Diseases , the investigators reported that
between 6-9% of respondents belonged to a high-risk group, and that the
prevalence of HIV-1 infections in the survey was .2%. These results indicate
that, despite a relatively high prevalence of risk factors, the prevalence of
HIV-1 infection was low in the studied population. This study was followed in

1991 by a formal, random serological-behavioral survey of the same campus, to
evaluate the possibility that the less rigorous methods of the voluntary survey
might have produced spurious findings. In this follow-up survey, over 3000
students were samples, and the overall participation rate among randomly selected
students was 80%. Data are currently under analysis.

The Branch is also collaborating on several research projects addressing
epidemiological and therapeutic issues in AIDS. In collaboration with
investigators at the University of Maryland, Branch investigators are conducting
two studies in which birth cohorts of patients with AIDS are being compared with
non-infected offspring of HIV-infected mothers. The two cohort studies are



evaluating the occurrence, microbial etiologies, determinants, and clinical

sequelae of diarrheal episodes and acute respiratory infections in pediatric AIDS

patients. In collaboration with investigators at the Mount Sinai School of

Medicine, Branch investigators are also conducting a placebo-controlled,

randomized clinical trial of the efficacy of monthly infusions of HIV-

neutralizing antibodies in prolonging the survival of patients with AIDS or ARC.

Vaccine Evaluations

Cholera

Branch investigators are continuing to conduct evaluations of the 1985 field

trial of B subunit-killed whole cell (BS-WC) and killed whole cell only (WC) oral

cholera vaccines which was conducted in the Matlab field area of the

International Center for Diarrheal Disease Research, Bangladesh (ICDDR,B).

During the first year of surveillance, active surveillance of neighborhoods with

outbreaks of cholera enabled evaluation of the comparative efficacy of each

vaccine against symptomatic vs. asymptomatic cholera infection. 127 V.. cholerae

01 infections were detected among the 3,285 three-dose recipients who were

studied during the first year. For each vaccine, protective efficacy was

significantly (P<.01) greater against symptomatic (56%, P<.05 for BS-WC; 57%,

P<.01 for WC) than against asymptomatic infection (46%, P<.05 for BS-WC; 32%,

P=.07 for WC), and protection against each grade of infection was demonstrable

for both the classical and El Tor biotypes. Although vaccine protection against

symptomatic infection was evident in both young children and older persons, only

persons vaccinated at ages over five years were protected against asymptomatic
infection. These results, which are to be published in The Journal of Infectious

Diseases , suggest that the inactivated oral vaccines protected against

colonization by V . cholerae 01. and augmented this protection by interrupting the

pathogenesis of established infection. However, prevention of asymptomatic
infection was evident only in older persons, in whom immune responses to

vaccination were likely to have been primed by earlier natural exposures to V.

cholerae 01.

An additional analysis from the trial, published in the American Journal of

Epidemiology , demonstrated that persons who were in the age- and gender-groups
for the trial, but who did not participate, had higher rates of both cholera and

all-cause mortality than persons who participated and received the placebo. The

higher risk among non-participants applied both to persons who were medically
ineligible and to persons who refused to participate, but was not seen in persons

who were absent from their homes at the time of visits by the vaccination teams.

These data underscore the higher overall burden of morbidity and mortality in

hard-to-reach populations in less-developed settings, and also suggest that

particular caution is required when attempting to estimate vaccine efficacy with
comparisons of groups who are vaccinated versus those left nonvaccinated during

the course of routine clinical care.

Invasive pneumococcal infections

Although pneumococcal polysaccharide vaccine is recognized as effective in

healthy vaccine recipients, its protective efficacy in patients with vaccine
indications, many of whom are immunocomprised to various degrees, is

controversial. Branch investigators collaborated with investigators from Yale

University and the University of Pennsylvania on a population-based case-control



study of vaccine efficacy in subjects with vaccine indications. This study was

unique in that pneumococcal isolates from cases with invasive infections were

serotyped, enabling assessment of vaccine protection against serotypes contained

in the vaccine. The data, reported in The New England Journal of Medicine ,

indicated that vaccine protection was 56% (P<.001) against serotypes contained

in the vaccine, and was less in patients with severe immunocomprise. Moreover,

among older subjects protection declined with time after vaccination; the

rapidity of this decline increased with the age among these older subjects.

Haemophilus influenzae type b (Hib)

New generation vaccines against Hib, which conjugate proteins to the

polysaccharide capsule (PRP) of Hib, are capable of stimulating T cell-dependent
anti-PRP immune responses in young infants, thereby conferring clinical

protection to this age group. One particularly promising PRP-conjugate vaccine,

developed by NICHD, consists of PRP conjugated to tetanus toxoid. Branch
investigators, working in collaboration with investigators at the University of

Maryland, evaluated the immune responses to PRP-T and to concurrently
administered diphtheria-tetanus-pertussis vaccine, when given at two, four, and

six months of age to infants in Santiago, Chile. 278 participating infants were
randomized to receive 1) PRP-T and DTP in the same syringe; 2) the two vaccines

at separate sites; or 3) only DTP without PRP-T. Although 100% of PRP-T

recipients achieved a serum anti-PRP antibody titer >0.15 mg per ml after the

third dose, the absolute titer was 60% lower in the group receiving the two

vaccines mixed in the same syringe than in the group receiving the two vaccines
at separate sites. Moreover, each of the two PRP-T groups exhibited a depressed
serum antibody response to DTP, as manifested by lower titers of pertussis
agglutinins, anti-pertussis toxin, and anti-filamentous hemagglutinin. The

mutual interference by PRP-T and DTP emphasizes the caution required in

introducing new vaccines into childhood immunization regimens, and tempers
optimism about the ease of creating a single multivalent vaccine capable of

vaccinating against several childhood diseases simultaneously. This research
appeared in the Journal of the American Medical Association .

INTRA-INSTITUTE COLLABORATIONS

Neonatal Intensive Care Unit Network and Maternal Fetal Medicine Unit Network

The Epidemiology Branch is participating in the NICHD networks. The networks
were created to evaluate therapeutic modalities in the perinatal period,
especially those relating to low birth weight. The Epidemiology Branch provides
advice to the data center and steering committee on epidemiologic and clinical
trials questions.

Clinical Management of the Low Birth Weight Infant

The Epidemiology Branch has been assisting the Pregnancy and Perinatology Branch,
CRMC, with the implementation and coordination of a randomized study of
intravenous immunoglobulin to prevent infection in low birth weight infants.
Over 1800 infants have been recruited for this study.



other Projects

Long Term Outcomes of Leukemia Survivors

In collaboration with NCI, Branch investigators are analyzing data from a jointly

funded study of survivors of childhood leukemia. Analysis has just begun on

educational attainments of leukemia survivors and menarche in female survivors.

Report on Illicit Drug Use During Pregnancy

At the request of the Senate Appropriations Committee, Branch investigators

prepared a report on the adverse effects on the conceptus of maternal drug abuse

during pregnancy. This report has been completed and submitted to Congress. It

is currently being revised for publication in a medical journal.
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SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space pmvlded.)

The District of Columbia (D.C.) Perinatal Study is a case-control study designed to

elucidate the factors associated with the delivery of a low birth weight infant to

black mothers residing in D.C. The study "cases" were low birth weight infants
(<2500 grams) born in participating hospitals. "Controls" were selected as the
next race-matched normal weight infant (>.2500 grams) delivered at the same
hospital. The mothers of the cases and controls were interviewed on the postpartum
ward, with data verification obtained through abstraction of medical records.
Where possible, prenatal information was verified by using the prenatal information
which was attached to the hospital medical record. If the hospital medical record,
however, did not contain adequate prenatal information, arrangements were made to

abstract this information from private and public physicians' offices where care
was received. Data collection began February 1, 198A, and continued until January
31. 1985. The data was collected by SRA Technologies, Inc., of Arlington,
Virginia.

In September 1985 SRA returned the data instruments to NICHD due to an inability to

complete the contract. Raw data was returned as well as data entered on two data
tapes and disk through the Division of Computer Research and Technology (DCRT). It

was necessary to re-key all of the data originally submitted by SRA Technologies.
One hundred percent of the data have now been keyed. Manuscripts are now in the

process of being prepared for submission to peer reviewed journals.
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SUMMARY OF WORK (Use standard unreduced type. Do rmt exceed the space provided.)

The Epidemiology Branch (DESPR) has conducted a case-control study in Illinois and

California to determine whether the use of periconceptional vitamin supplements can
reduce the risk of neural tube defects. Women having either a fetus or an infant
with a neural tube defect have been ascertained through perinatal networks, vital
records, and other sources and were matched to two controls on maternal race and
geographic locale. One control is a mother with a normal pregnancy, and the other
the mother of an infant with a fetus with a major health problem other than a

neural tube defect. Cases and controls were interviewed within 3 months of the end
of pregnancy to determine whether those having a conceptus with a neural tube
defect are less likely to have used vitamins in the periconceptional period. A
second major objective was to determine whether or not fertility drug use is

associated with neural tube defects. Data on infertility and the use of ovulation-
inducing drugs were collected during the same interview. Additional analysis is

taking place to look at the descriptive epidemiology of neural tube defects and to

explore genetic factors in the etiology of neural tube defects.
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SUMMARY OF WORK (Use standani unreduced type. Do not exceed the space provided.)

The Diabetes in Early Pregnancy Project was designed 1) to examine the relationship
between maternal diabetic control during organogenesis and malformations in the

offspring, and to identify, if possible, a specific teratogenic factor or factors

in the diabetic metabolic state; and 2) to compare early fetal loss rates in women
with diabetes and in non-diabetic control subjects. We found that diabetic women
who came into care before the period of organogenesis achieved better results than

those who came in later; but their results were still poorer than for non-diabetic
control subjects. Differences in maternal glucose levels during organogenesis did

not explain the malformations in the offspring of the women who were followed
throughout pregnancy. These results suggest that women who enter late (and were
not under medical supervision during organogenesis) probably had poor control.
This resulted in malformations due to hyperglycemia or related factors. The
diabetic group entering early strongly suggests that other teratogenic mechanisms
were present. Regarding early fetal losses, we found that diabetic women in good
metabolic control were at no higher risk for spontaneous abortion than control
women; the risk of loss increased dramatically as diabetic control worsened; and

the overall risk of losing a pregnancy was lower than expected, only 16Z. Since
these primary analyses were completed, a number of related studies have been
completed (see previous reports). At present, issues relating to minor
malformations, metabolic factors, and retinopathy are being addressed. Blood
specimens at the Sansum Foundation are being assayed for glycosylated protein to

examine the relationship between intermediate term control and malformations
although funding problems have slowed progress. The National Eye Institute has
joined us in an analysis of retinal photographs taken at the beginning and end of

pregnancy to assess the effect of pregnancy on retinopathy. The University of

Tennessee will measure blood levels of anti-sperm antibodies and anti-phospholipid
antibodies in relation to spontaneous abortion.
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Low Birth Weight Across Generations
PRINQPAL INVESTIGATOR (Ust other pmfcsstona/ personnel belom the Ptirtelpal Investigator.) (Name, title, labormory, and Imtltule a/HUatlon)

PI: M.A. Klebanoff Research Medical Officer EB, DESPR, NICHD

COOPERATING UNFTS (Ifani^

Office of the Director, DESPR, NICHD (H.W.Berendes) ; University of Pennsylvania

(S.Katz), University of Southern California (B.Mednick)

LABBRANCH

Epidemiology Branch
SECTION

INSTTTUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL STAFF YEARS: PROFESSIONAL

.15 .15
CHECK APPROPRIATE BOX(ES)

X (a) Human subjects (b) Human tissues

(a1) Minors

X (a2) Interviews

OTHER

(c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

The original description of the correlation between birthweights of mothers and
their infants was followed by the description of the association between large

maternal birth weight and delivery of a macrosomic (>4000 gram) infant. Study of

other fetal growth parameters, including length and head circumference,
demonstrated that infants of low birth weight mothers were both shorter and lighter
than infants of larger mothers, but that the infants were normally proportioned.

In ensuing studies, birth certificates of infants born in Tennessee between 1979 to

1984 were matched with those of their mothers, who were born in Tennessee between
1959 to 1966. Maternal and infant birth weights were again shown to be correlated.
In addition, women who were themselves of low birth weight were up to 4 times as

likely to have a small-for-gestational age infant as were women who weighed 4000-
4499 grams at birth, but low birth weight women were less than twice as likely to
have a preterm infant. A group of Swedish women, bom from 1955 to 1965, was next
studied. Women who themselves were small-for gestational age at birth were at
increased risk of giving birth to both small-for-gestational age and preterm
infants. Women who were preterm at birth were not at increased risk of either
outcome.

Analysis of data from girls who were bom in the 1960 's as subjects in the
Collaborative Perinatal Project and Danish Perinatal Study is currently underway in
order to examine their reproductive histories. Small-for-gestational age, preterm
and control girls have been located and interviewed. Hospital records of their
confinements have also been retrieved.

PHS 6040 (Rev. 5/B2)





DB'ARIIyBn' OF HEALTH AND HUMAN SBfKSES - njBUC HEALTH 8BWICE

NOTICE OF imnAMURAL RESEARCH PROJECT ZOl HD 00340-09 EB

PERIOO COVERED

October 1, 1991 through September 30. 1992
TITLE OF PROJECT (30 characUis or l*ss. 77r/» must tit on on* lint t»>wm»n th» bordtis.)

The Women's Life Styles during Pregnancy Study
PRINCIPAL INVESTIGATOR (Us( other prohsslonel p»rsonrwl below the PifnclpaJ Irwestigalor.) (Name, title, laboraloiy, and Institute amilation)

PI: L.C. Cooper Nurse Epidemiologist EB, DESPR, NICHD

COOPERATING UNITS (If any)

Office of the Director, DESPR, NICHD (H.W. Berendes)

LAB/BRANCH

Epidemiology Branch
SECTION

INSTTTUTE AND LOCATION

NICHD, NIH, Bethesda. Maryland 20892
TOTAL STAFF YEARS:

0.1

PROFESSIONAL:

0.1

crmER:

CHECK APPROPRIATE BOX(ES)

EI (a) Human subjects

D (a1) Minors

E (a2) Interviews

D (b) Human tissues D (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

A contract to characterize behavior and lifestyle differences among pregnant women
of different ethnic groups which are known to differ in their rates of low birth
weight was awarded to Columbia University and to Northwestern University. The

overall goal of this project is to define risk factors affecting birth outcomes in

pregnant women in the following ethnic groups: American Blacks, Chinese, Mexican-
Americans, Puerto Ricans , Dominicans, and Whites. The work scope of the contract
included the development of an extensive questionnaire by a multi-disciplinary team

of experts, pretesting of the interview instruments, interviewing pregnant women
from the six groups noted above, ascertaining birth outcomes, and preparing an
edited data tape of all responses.

PHS 6040 (Rm. 5/82)





Oe^ARTMB^ OF HEALTH AND HUMAN SBMCES - PUeUC HEALTH SEFMCE

NOnCE OF INTFIAMURAL RESEARCH PROJECT ZOl HD 00361-06 EB

PERIOD COVERED

October 1, 1991 through September 30. 1992
TTTLE OF PROJECT (80 chmracttrs or lass. 7W» must fH on on* lint b»lwnn th* bordars.)

Child Health Supplement to the 1988 National Health Interview Survey
PRINCIPAL INVESTIGATOR (UsI other profassional personnel below the Principal InvetUgator.) (Name, tlUa, laboratory, and Inatltute a/Hllallon)

Health Statistician EB, DESPR, NICHDPi! M.D. Overpeck
Other: A. Trumble Survey Statistician CSB, DESPR, NICHD

COOPERATING UNFTS (If any)

HLB, CRMC, NICHD (P.C.Scheidt) ; National Center for Health Statistics (A. Moss);

Bar Ilan University (Y.Harel); Centers for Disease Control (D.Jones); Albert
Einstein College of Medicine fP.Biiur^: FDA (R. Bright)

LAB/BRANCH

Epidemiology Branch
SECTION

INSTmjTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL STAFF YEARS;

1.8

PROFESSIONAL

1.7

OTHER

0.1
CHECK APPROPRIATE BOX(ES)

SI (a) Human subjects

D (a1) Minors

El (a2) Interviews

D (b) IHuman tissues n (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

This survey provides population-based data on a nationwide representative sample of

17,200 children. Subjects include child care, family relationships, accidenct,

injuries, poisonings, other childhood morbidity, perinatal events, use of health
services, school performance and behavior. It establishes current normative ranges

for the U.S. It provides data for analysis of trends in the U.S. using the 1981

Child Health Supplement for comparisons. The survey was conducted by the U.S.

Census Bureau for the National Center for Health Statistics during the 1988

calendar year. Final data have been released to the public. Data analysis is

being conducted.
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DB>ARTMBfr OF HEALTH AND HUMAN SBWICES - PUBUC HEALTH SERVCE

NOTICE OF INTTRAMURAL RESEARCH PROJECT ZOl HD 00363-05 EB

PERIOD COVERED

October 1, 1991 through September 30. 1992
TITLE OF PROJECT (BO charaders or less. Title must fit on one line 6e(iwen the holders.)

NICHD Smoking Trial of Pregnant Women (STOP)
PRINCIPAL INVESTIGATOR (Ust other professional peiwonnel below the Principal Inmstlgator.j (Name, title, laboratory, end Institute alflUatlon)

PI: L.C. Cooper Nurse Epidemiologist EB, DESPR, NICHD

COOPERATING UNITS (if any)

Office of the Director, DESPR (H.W. Berendes)

LAB/BRANCH

Epidemiology Branch
SECTION

INSTmjTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL STAFF YEARS:

0.6

PROFESSIONAL

0.6

OTHER-

CHECK APPROPRIATE BOX(ES)

El (a) Human subjects

D (a1) Minors

B (a2) Interviews

D (b) Human tissues D (c) ^4either

SUMMARY OF WORK (Use standartj unreduced type. Do not exceed the space provided.)

The STOP Project is a randomized clinical trial designed to evaluate the

effectiveness of a behavioral intervention program to encourage cessation of

smoking by pregnant women attending routine prenatal care in private physician
settings. This project is a collaborative effort between the NICHD and the

American College of Obstetricians and Gynecologists. The unit of randomization in

STOP will be a practicing physician's population of pregnant women who report
smoking at their first prenatal care visit. Physicians will be recruited to
volunteer to take part in this randomized study.

There are two major phases to the STOP Project - a pretest phase and a formal trial

with a built-in pilot study. The objectives of the pretest phase were: 1) to

develop the protocol for the STOP study; 2) to develop all study materials (e.g.,
pamphlets, study forms, manual of operations); 3) to recruit private physicians who
will assist in finalizing the study protocol and educational materials; 4) to
assist in the development of all quality control procedures; and 5) to train the
contractor selected to implement the formal trial in all aspects of the study. At
this time, the pretest has been completed and all educational materials for the
study have been completed and approved by the physicians and staff participating in
the pretest phase. Two contractors, the University of Maryland and Westat, Inc.,
were selected to execute the pilot and formal trial for the STOP Project. The
contract was signed and went into effect on May 15, 1991. The project is presently
being piloted in Baltimore, Maryland.
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DB>AHIMB^ OF (CAOH AM} HUMAN SawiCES - PUeUC HEALm SBMCE
NOTICE OF INTRAMURAL RESEARC3H PROJECT ZOl HD 00365-05 EB

PEWOO COVERED

October 1, 1991 through October 2, 1992
TITLE OF PROJECT (SO chtrtdmrt or Its. THI* must th on ona Una bativean ttia bordars.)

A Randomized Clinical Trial of Umbilical Artery Catheter Placement
PRINCIPAL INVESTIGATOR (Usl othar pmfatsional parsonnal balow tha Principal Invmttigator.j (Nama. Utla, laboratory, and InstHula amilation)

PI: M.H. Malloy Research Medical Officer EB, DESPR, NICHD

COOPERATING UNITS (If any)

LAB/BRANCH

Epidemiology Branch

INSTmjTE AND LOCATION

NICHD, NIH, Bethesda. Maryland 20892
TOTAL STAFF YEARS: PROFESSIONAL: OTHER

CHECK APPROPRIATE BOX(ES)

EI (a) Human subjects

El (a1) Minors

D (a2) Interviev/s

D (b) Human tissues D (c) Neither

SUMMARY OF WORK (Use standard unraducad lypa. Do not axcaed the spaea providad.)

This project was terminated.
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NOnCE OF IKTTRAMURAL RESEARCH PROJECT ZOl HD 00369-04 EB

PERIOD COVERED

October 1, 1991 through September 30, 1992
TTTLE OF PROJECT (80 ctiamdert or less. 77W» must fit on one line bttvim^n tht bordsrs.)

Adverse Perinatal Events and Subsequent Injury-related Death
PRINCIPAL INVESTIGATOR (UsI othsr pmfesslonal personnel below the Prlndp^ Imiestlgalof.) (Heme, tide, laboratory, and Institute atniiatlon)

PI: M.A. Klebanoff Research Medical Officer EB, DESPR, NICHD

COOPERATING UNITS (Ifany^

NIMH (M. Farmer)

LAB/BRANCH

Epidemiology Branch
SECTION

INSrmjTE AND LOCATION

NICHD, NIH. Bethesda, Maryland 20892
TOTAL STAFF YEARS:

l.A

PROFESSIONAL;

0.1

OTHER:

1.3
CHECK APPROPRIATE BOX(ES)

D (a) Human subjects D (b) Human tissues O (c) Neither

D (a1) Minors

D (a2) Interviews

SUMMARY OF WORK (Use standard unreduced type. Do not exceed ttte space provided.)

Several published studies have indicated that children experiencing asphyxia during
the perinatal period are at increased risk of subsequent adolescent suicide.
However, these studies used retrospectively ascertained data and were unable to
control for the adverse social conditions that often accompany perinatal
difficulties.

In the first phase of this project, the names of the approximately 55,000 children
who were born during 1959-66 as subjects in the Collaborative Perinatal Project
will be computerized. During the second phase, the computerized names and other
appropriate identifying information will be submitted to the National Death Index,
and all subjects who have died will be identified. In the third phase, the death
certificates of these subjects will be obtained and cause of death recorded. Since
the Collaborative Project collected extensive data about the subjects* prenatal,
perinatal, and childhood histories, it will be possible to study prospectively the
relationship between adverse perinatal events and subsequent risk of death, as well
as cause of death.
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DB'ArmjfOfT OF HEALTH AMD HUMAN SSMCES - njBUC HEALTH SSMCE
NOnCe OF IhTTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 00373-04 EB

PERJOD COVERED

October 1. 1992 through September 30, 1992
TTTLE OF PROJECT (80 ehartcltrt or l»ss. 77B* must fH on on* lint bftvmtn th* boidts.)

Calcium Supplementation in Pregnancy for the Prevention of Preeclampsia
PRINCIPAL INVESTIGATOR (Ust other professional personnel below the Principal ImesUgalor.) (Name, tUle, laboratory, and Institute afmiallon)

PI: R.J. Levine
Others: R. DerSimonian

J.D. Clemens
E . Raymond
M. Klebanoff

Expert (Epidemiology)
Mathematical Statistician
Branch Chief
Senior Staff Fellow
Research Medical Officer

EB, DESPR, NICHD
BMSB, DESPR, NICHD
EB, DESPR. NICHD
EB, DESPR, NICHD
EB, DESPR, NICHD

COOPERATING UNITS flfany)

University of Alabama (J.C.Hauth); Case Western Reserve U. (P.M.Catalano) ; Univ. of

New Mexico (L.B.Curet); Oregon Health Sci.Univ. (C.Morris); Univ. of Tennessee
fB.M.Siba j)- T>^p Fmnies Corp. fC.L. Carter^ ; Biomedical Research Inc. fJ.Leaf)
LAB/BRANCH

Epidemiology Branch
SECTION

INSTITUTE AND LOCATION

NICHD, NIH. Bethesda, Maryland 20892
TOTAL STAFF YEARS:

l.A

PROFESSIONAL-

1.4

OTHER

CHECK APPROPRIATE BOX(ES)

X (a) Human subjects

X (al) Minors

X (a2) Interviews

X (b) Humetn tissues (c) Neitlier

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

The results of six clinical trials suggest that supplemental calcium may prevent
preeclampsia. Methodologic problems, however, limit the credibility of the results
and their generalizability to other patient populations. Moreover, none of the

trials has reported the outcome of systematic surveillance for urolithiasis, an
important possible complication of treatment. In response to the need for a

definitive evaluation of the effects of calcium supplementation, NICHD is

conducting a trial at five U.S. university medical centers. Healthy nulliparous
patients are randomly assigned to receive either 2 g ingested supplemental calcium
daily (n=2250) or placebo (n-2250) in a double-blind study. Medication is

administered beginning between 13 and 21 completed weeks of gestation and continued
until the termination of pregnancy. Monitoring for the major study endpoints -

pregnancy-associated hypertension and proteinuria, preeclampsia, eclampsia, and
HELLP syndrome - and for urolithiasis will be systematic, standardized, and
thorough. It will include measurement of blood pressure, proteinuria, and
hematuria at uniformly scheduled prenatal clinic visits and surveillance for
hypertension and proteinuria during labor, delivery, and the first 24 hours
postpartum. CPEP should have adequate statistical power to detect a reduction of

43 percent in preeclampsia risk in the calcium group.
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NOTICE OF ir^TRAMURAL RESEARCH PROJECT ZOl HD 00378-03 EB

PEFUOD COVEFIED

October 1, 1991 through September 30, 1992
TITLE OF PROJECT (SO characters or lass. TlUa must fit orj one Una balwaan tha borders.)

Evaluation of Mortality of Infants Weighing Less than 750 Grams
PHNCIPAL INVESTIGATOR (UsI other professional personnel behw tha Principal Imastlgator.j (Name, titia, laboratory, and Institute affUlatlon)

PI: M,D. Overpeck Health Statistician
Other: H.J. Hoffman Office of the Director

EB, DESPR, NICHD
DESPR, NICHD

COOPERATING UNITS (If any)

NCHS (K.Prager)

LAB/BRANCH

Epidemiology Branch
SECTION

INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL STAFF YEARS;

,01

PROFESSIONAL OTHER;

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects

D (a1) Minors

D (a2) Interviews

D (b) Human tissues D (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

The 1983 birth cohort of the National Linked Birth/Infant Death Data Set was
analyzed to document the contribution of live born infants weighing less than 750

grams to the U.S. infant mortality rate. Previously, linked birth and death
certificates for the total U.S. were not available, preventing assessment of the
mortality experience of these least viable infants. This information is necessary
in order to target interventions to reduce the infant mortality rate. The data set
represents an intensive effort by NCHS to obtain data from all states and reporting
areas. The analysis has been completed and published by the American Journal of
Public Health. Project is completed.

PHS 6040 (Rev. 5/92)





DBPAHmaiT OF HEALTH AND HUMAN SEFMCES - PUBUC fCAOH SHMCE
NOTICE OF INTRAMURAL RESEARCH PROJECT ZOl HD 00379-03 EB

PERIOD COVERED

October 1, 1991 through September 30, 1992
TITLE OF PROJECT (SO chamcttrs or lass. THIt must til on on* Una boftMwn lh» borders.)

Data Analysis from the Vaginal Infections and Prematurity Study
PRINQPAL INVESTISATOR (UsI other professlortal personnel below the Principal Imastlgator.) (Name, title, laboratory, and Institute affiliation)

PI: M.A. Klebanoff Research Medical Officer EB, DESPR, NICHD

Other: J.S. Read Epidemiology Staff Fellow EB, DESPR, NICHD

COOPERATING UNITS (If any)

PAMA, CRMC, NICHD (R.Nugent); NIAID (M.F.Cotch); Research Triangle Institute

(A.V.Rao); Columbia University (J.Regan)

LAB/BRANCM

Epidemiology Branch
SECnON

INSTTTUTE AND LOCATION

NICHD, NIH, Bethesda. Maryland 20892
TOTAL STAFF YEARS:

,30

PROFESSIONAL:

.30

OTHER

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects

D (a1) Minors

D (a2) Interviews

D (b) Human tissues D (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

The Vaginal Infections and Prematurity (VIP) Study, jointly sponsored by NICHD and
NIAID, is a prospective study designed to investigate the relationship between
genital tract colonization with various microorganisms and the subsequent
development of preterm birth. It also incorporates a clinical trial of
erythromycin to prevent preterm birth among women colonized with Ureaplasma
urealyticum. Chlamydia trachomatis, and group B streptococcus. In addition, the
VIP collected a wealth of additional data on a variety of factors possibly linked
to pregnancy outcome. This project will analyze these factors.

Analyses undertaken to date include the predictive value of vaginal Gram stain in

the identification of group B streptococcus, the descriptive epidemiology of group
B streptococcal carriage, and the relationship between reported physical activity
and preterm birth. Questions under analysis include the effect of group B

streptococcal colonization on pregnancy outcome, the effect of treatment with
erythromycin on pregnancy outcome among women colonized with group B streptococci,
the association between sexual intercourse during pregnancy and preterm birth among
colonized with different genital microorganisms.

PHS 8040 (Rev. 5/92)





NOTICE OF INTRAMURAL RESEARCH PROJECT ZOl HD 00382-02 EB

PEnOO COVERED

October 1, 1991 through September 30, 1992
TTTIE OF PROJECT (80 chamders or /ass. 7708 must m on on* lint bvlwmn the bordtn.)

Cocaine and Marijuana Use During Pregnancy and Pregnancy Outcome
PRINCIPAL INVESTX3ATOR (UsI other professional personnel below the Principal Investigator.) (Name, title, laboratory, and InstHule atnilallonj

PI: M.A. Klebanoff Research Medical Officer EB, DESPR, NICHD

COOPERATING UNITS (Ueny)

Office of the Director, DESPR (H.W.Berendes) ; PAMA, CRMC (R.Nugent); EB NIAID
(M.Cotch); Packard Foundation (P.Shiono); University of Utah (D.Rollins)

LAB/BRANCH

Epidemiology Branch
SECTION

INSTITUTE AND LOCATION

NICHD, NIH. Bethesda, Maryland 20892
TOTAL STAFF YEARS:

.25

PROFESSIONAL-

.25

OTHER:

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects D (b) Human tissues D (c) Neither

D (a1) Minors

D (62) Interviews

SUMMARY OF WORK (Use standard unreduced type. Do ml exceed the space provided.)

The relationship between illicit drug use and pregnancy outcome has been
controversial. Self-reported drug use is notoriously inaccurate, and selective
screening of blood and/or urine often results in biased ascertainment of drug use,

as the reason for screening may be as important a risk factor as the drug use
itself. There have been a few systematic large-scale studies of drug use at
specified times during pregnancy in a defined cohort of women, and even fewer that
have collected detailed data on other risk factors for adverse pregnancy outcome.

In this project, serum obtained from approximately 10,000 women on entry to the
Vaginal Infections and Prematurity Study (23-26 weeks) will be screened for
marijuana and cocaine metabolites. In addition, serum obtained at delivery of low
birth weight, preterm and a random sample of term infants will be screened, as will
serum obtained at 31-36 weeks from a random sample of uncomplicated pregnancies and
serum obtained from women experiencing abruptio placenta and placenta previa. The
Vaginal Infections and Pregnancy Study collected extensive data on a variety of
confounding variables, and will enable the most thorough analysis yet of the effect
of cocaine and marijuana use on pregnancy outcome.
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PEFBOO COVERED

October 1, 1991 through September 30, 1992
TtTLE OF PROJECT (80 cttarmeleis or less. TXI* must Ht on one line between the bonders.)

Analyses of Data from the Collaborative Perinatal Project
PRINCIPAL INVESTIGATOR (List other pmfesslonal personnel belotr the Principal Irnestlgator.j (Name, title, leboratory, end Institute alfUlatlon)

PI: M.A. Klebanoff Research Medical Officer EB, DESPR, NICHD

COOPERATING UNITS (If mnyj

University of California at San Francisco (T.Newman); NEI (E.Chew);
University of Maryland (D.Nagey)

LAB/BRANCH

Epidemiology Branch
SECTION

INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL STAFF YEARS: PROFESSIONAL- OTHER

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects

D (a1) Minors

n (a2) Interviews

Q (b) IHuman tissues D (c) Neitiier

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

The Collaborative Perinatal Project (CPP) represents a rich data set for the
investigation of a variety of topics related to maternal and child health.

Currently active areas of investigation include the association of neonatal
hyperbilirubinemia and neurodevelopmental outcome at age 7, the descriptive
epidemiology of strabismus, and the association between elevated maternal serum
levels of alpha fetoprotein at 14-20 weeks and subsequent stillbirth.
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NOTICE OF INTBAMURAL RESEARCH PROJECT ZOl HD 00384-01 EB

PEFOOO COVERED

October 1. 1991 through September 30. 1992
nTLE OF PROJECT (80 chamdeis or less. Title must III on one line bettneen the txxdeis.)

Field Trial of Oral Cholera Vaccines in Bangladesh
PRINCIPAL INVESTIGATOR (UsI other piofesslonaJ personnel below the Principal Investigator.) (Name, Utle, laboratory, and Institute afHllallon]

PI: J.D. Clemens Branch Chief EB. DESPR, NICHD

Other: M.R. Rao Visiting Associate EB, DESPR, NICHD

F. Ahmed Visiting Fellow EB, DESPR, NICHD

COOPERATING UNITS (H any)

Johns Hopkins School of Public Health (D.Sack); International Center for

Diarrheal Disease Research, Bangladesh

LAB/BRANCH

Epidemiology Branch
SECTION

INSTTTUTE AND LOCATION

NICHD. NIH, Bethesda. Maryland 20892
TOTAL STAFF YEARS:

0.5

PROFESSIONAL;

0.5

OTHER:

CHECK APPROPRIATE BOXfES)

El (a) Human subjects

D (a1) Minors

Q (a2) Interviews

D (b) Human tissues D (c) Neither

SUMMARY OF WORK (Use standard unreduced type. J3o no/ exceed the space provided.)

This project entails continuing analyses of data derived from a large-scale,
placebo-controlled field trial of B subunit-killed whole cell (BS-WC) and killed
whole cell-only (WC) oral vaccines against cholera, conducted between 1985-90 in

the Matlab field studies area of the International Center for Diarrheal Disease
Research, Bangladesh. The trial enrolled ca. 89,000 subjects for study. Analyses
of the first three years of follow-up revealed that each vaccine conferred ca. 502

protection against cholera episodes detected among patients seeking care at medical
facilities. Specific goals of analyses conducted during the past year included: 1)

evaluation of the efficacy of the vaccines during the fourth and fifth years of

follow-up; 2) assessment of whether each vaccine protected against asymptomatic
infections by V. cholerae 01, as well as infections causing diarrhea too mild to

warrant solicitation of medical care; and 3) analyses of whether the incidence of

cholera and death were correlated with participation in the trial per se .

These analyses demonstrated that: 1) no protection was evident against treated
cholera during the fourth and fifth years of follow-up; 2) during the first year of

follow-up, when active surveillance permitted assessment of the comparative
efficacy against V. cholerae 01 infections of all grades of severity, both vaccines
conferred ca. 30Z protection against asymptomatic infections, and BS-WC (but not
WC) both protected against V. cholerae 01 diarrhea and shifted the spectrum of such

episodes from more severe to less severe disease; and 3) non-participants in the

age-sex groups targeted for the trial exhibited a ca. 30Z higher incidence of both
cholera and death than participants who ingested the placebo.

Further analyses during the coming year will explore the implications of efficacy
vs. effectiveness perspectives for estimates of vaccine protection, as well as

other topics addressing the epidemiology of V. cholerae in this setting.
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De>AFme«T CF HEALTH AND HUMAN SBMCES - PUGUC hCALTH SBWCE
NOTICE OF INTRAMURAL RESEARCH PROJECT ZOl HD 00385-01 EB

PERIOD COVERED

October 1, 1991 through September 30, 1992
TITLE OF PROJECT (BO charmcl»rt or hss. THh musi fit on on* llrv t»lwt»n th» bondfs.)

Epidemiology of Rotavirus Infections in Bangladesh
PRINOPAL INVESTIGATOR (List ottwr proftssJonal paisonnel b»low the Principal Inv&stlgalor.) (Name, Utla, laboratory, and Institute affiliation)

PI: J.D. Clemens Branch Chief EB, DESPR, NICHD

Other: M.R. Rao Visiting Associate EB, DESPR, NICHD

F. Ahmed Visiting Fellow EB, DESPR, NICHD

COOPERATING UNfTS (If any)

James Gamble Institute for Medical Research, Cincinnati, OH (R.Ward)

LAB/BRANCH

Epidemiology Branch
SECTION

INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL STAFF YEARS:

0.5

PROFESSIONAL:

0.5

OTHER

CHECK APPROPRIATE BOX(ES)

El (a) Human subjects

C (a1) Minors

D (a2) Interviev^s

D (b) Human tissues D (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

This project tests the hypothesis that humoral immunity to rotavirus infection,
assessed in serum, is associated with the risk of rotavirus diarrhea in children
aged under 2 years who reside in rural Bangladesh. Cases of rotavirus diarrhea
were assembled from population-based, comprehensive surveillance of treated
episodes of pediatric diarrhea in Matlab, Bangladesh during 1985-86. All rotavirus
diarrhea episodes were serotyped with monoclonal antibodies after cultivating
rotavirus isolates. Controls were similarly aged childred randomly selected during
four surveys of the Matlab community undertaken during 1985-86. Serological
correlates of natural immunity to rotavirus diarrhea were assessed by contrasting
acute-phase sera collected from the cases and sera from controls. Case-control
comparisons revealed that: 1) serum IgG antirotavirus antibodies were correlated
inversely with the occurrence of rotavirus diarrhea, suggesting a protective
relationship; but 2) protective associations were not serotype-specific.

A second goal is to evaluate whether breast feeding is associated with a reduced
risk of rotavirus diarrhea in children under the age of 2 years. Using a case-
control sampling strategy analagous to that described for the seroepidemiological
assessment, comparisons of cases and controls for antecedent histories of breast
feeding revealed that: 1) breast feeding was associated overall, with a reduced
risk of rotavirus diarrhea, due to the protection conferred by exclusive but not
partial breast feeding; but 2) after infancy, the direction of the relationship
became reversed, with a higher risk of rotavirus diarrhea among breast-fed than
non-breast-fed children. Future analyses will assess whether the protection
observed during infancy is correlated with antirotavirus and neutralizing
antibodies in breastmilk.

PHS 6040 (Rev. a/BZ)





DB'firmBfT OF HEALTH AND HUMAN SSMCCS - PUOJC HEALTH SBMCE
NOTX^E OF INTRAMURAL RESEARCH PROJECT ZOl HD 00386-01 EB

PERIOD COVERED

October 1, 1991 through September 30, 1992
TITLE OF PROJECT (BO c/iaraO»rs or hss. We must tit on om line between the borders.)

Evaluation of a Water-Sanitation Intervention in Egypt
PRINCIPAL INVESTIGATOR (LM other professional personnel below the Principal Im/esUgator.) (Name, title, laboratory, and Institute aimiatlon)

PI: J.D. Clemens Branch Chief EB, DESPR, NICHD
Other: M.R. Rao Visiting Associate EB, DESPR, NICHD

COOPERATING UNITS (If any)

UNICEF, Egypt

LAB/BRANCH

Epidemiology Branch
SECTION

INSTITUTE AND LOCATION

NICHD, NIH. Bethesda. Maryland 20892
TOTAL STAFF YEARS:

0.3

PROFESSIONAL

0.3

OTHER:

CHECK APPROPRIATE BOX(ES)

SI (a) Human subjects

E (a1) Minors

E (a2) Interviews

O (b) Hunnem tissues D (c) Neither

SUMMARY OF V^ORK (Use standard unreduced type. Do not exceed the space provided.)

The purpose of this field project is to evaluate the impact of a combined water-

sanitation intervention on the occurrence of pediatric diarrhea and other targeted
outcomes in a study population residing in the Assiut governorate of Upper Egypt.

20 villages, which together included a population of approximately 10,000 persons,
were randomly assigned to receive the intervention (N»10) or no intervention
(N=10). The intervention consisted of provision of India Mark II tubewells and
household latrines, together with an educational package stressing personal hygiene
and water behaviors. To assess the impact of the intervention, all families in
these villages were followed with logitudinal surveillance during a one-year
follow-up period.

Outcomes of interest included observed water-sanitation behaviors, environmental
cleanliness, water microbiological quality, and, as the primary outcome, the
occurrence of diarrhea in children under 3 years of age. The intervention was
implemented during late 1990, and follow-up continued through 1991. Data from the
project have now been entered into computerized media, and final data editing is
now in progress. Preliminary analyses indicate that the intervention was
successful in reducing the rate of pediatric diarrhea by 17Z, and that this effect
included both watery and non-watery diarrheas, as well as both acute and persistent
diarrheas. Analyses of the trial will continue in FST 93.

PMS 6040 (Rev. 5/92)





De>Afni4B^ OF HEALTH ANO HUMAN SSWCES - PUGUC HEALTH SBWCE
NCmCE OF INTTRAMURAL RESEARCH PROJECT ZOl HD 00387-01 EB

PERIOD COVERED

October 1, 1991 through September 30, 1992
TTTLE OF PROJECT (BO chancltrs or less. We must HI on one line bettneen the borders.)

Sexual Intercourse during Pregnancy and Preterm Delivery
PRINOPAL INVESTIGATOR psi other piufesslonal personnel below the PrindpaJ Investigator.) (?Vam», ttUe, laboratory, and Institute aMIIatlon)

PI: J.S. Read Staff Fellow EB, DESPR, NICHD

Other: M.A. Klebanoff Research Medical Officer EB, DESPR, NICHD

COOPERATING UNrTS (If any)

LAB/BRANCH

Epidemiology Branch
SECTION

INSTTTUTE AND LOCATKDN

NICHD. NIH. Bethesda, Maryland 20892
TOTAL STAFF YEARS:

0.5

PROFESSIONAL: OTHER;

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects

D (al) Minors

D (a2) Interviews

D (b) Human tissues D (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

Data from the Vaginal Infections and Prematurity (VIP) Study were analyzed to
determine the relationship between the frequency of sexual intercourse during
pregnancy and preterm delivery and how this relationship is affected by vaginal
microbiology. The population consisted of women seeking prenatal care from 23 to
26 completed weeks of pregnancy at one of seven clinical sites (Columbia University
and Harlem Hospital, New York; University of Washington, Seattle; University of
Oklahoma, Oklahoma City; University of Texas, San Antonio; Tulane and Louisiana
State Universities, New Orleans) from 1984 to 1989. The women were enrolled in a

standardized protocol and upon entry (23-26 weeks' gestation) were interviewed to
obtain demographic, social, and sexual histories and underwent physical
examinations, at which time a standardized set of genital culture specimens were
obtained.

The association between frequency of sexual intercourse and preterm birth is being
studied among women with and without various genital microorganisms.

PHS 6040 (Rw. s/gz)





Oe>AHTMB^ OF HEALTH AND HUMAN SSWCES - PUBLIC HEALTH SBNKE
NOTICE OF IhfTRAMURAL RESEARCH PROJECT ZOl HD 00388-01 EB

PERIOO COVERED

October 1, 1991 through September 30, 1992
TITLE OF PROJECT (SO characters or lass. TWa must HI on ona Una bettnarr tha botdars.)

Birth Weight and Infectious Disease Mortality
PRINCIPAL INVESTIGATOR (List othar profasslonal parsortnal batotv tha Principal Invastlgator.) (Nama, Utla, laboratory, and Insttuta atfUlatirxt)

PI: J.S. Read Staff Fellow EB, DESPR, NICHD
Other: J.D. Clemens Branch Chief EB, DESPR, NICHD

M.A. Klebanoff Research Medical Officer EB, DESPR, NICHD

COOPERATING UNFTS (It any)

LAB/BRANCH

Epidemiology Branch
SECTION

INSTITUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL STAFF YEARS:

0.5

PROFESSIONAL;

0.5

OTHER

CHECK APPROPRIATE BOX(ES)

a (a) Human subjects

D (a1) Minors

D (a2) Interviews

D (b) Human tissues D (c) Neither

SUMMARY OF W/ORK (Usa standard unreduced type. Do not exceed tha space provided.)

Data from the Collaborative Perinatal Project were analyzed to determine whether
moderately low birth weight, singleton babies without congenital anomalies were at
increased risk of infectious disease mortality. In this study, children with birth
weight of 1500 to 2499 grams were compared to children with birth weight ^2500
grams with regard to infectious disease mortality in the late neonatal and
postneonatal periods of infancy as well as in childhood. We hypothesized that
birth weight was inversely related to the risk of infectious disease mortality,
with the strength of the relationship decreasing with increasing age at death and
varying according to whether low birth weight was a manifestation of preterm
delivery, intrauterine growth retardation (proportionate or disproportionate), or
both.

PHS 6040 (Rev. 5/B2)





De>AHTMB4T OF HEALTH AFD HUUAN SERVICES - PUBJC HEALTH SBMCE
NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 00389-01 EB

PERIOD COVERED

October 1, 1991 through September 30, 1992
TITLE OF PROJECT (SO characters or less. THIe must HI on one line bet»men the boniers.)

Studies of the Epidemiology of Pediatric Shigellosis in Bangladesh
PRINCIPAL INVESTIGATOR (UsI other profealonal penonnel below the Principal Invmetlgator.j (Name, tUe, laboratory, and Inttltute amilallon)

PI: F. Ahmed Visiting Fellow EB, DESPR, NICHD

Other: J.D. Clemens Branch Chief EB, DESPR, NICHD

COOPERATING UNITS (U an^

International Center for Diarrheal Disease Research, Bangladesh

LAB/BRANCH

Epidemiology Branch

INSTITUTE AND LOCATION

NICHD. NIH, Bethesda. Maryland 20892
TOTAL STAFF YEARS; PROFESSIONAL:

1.25 1.25
CHECK APPROPRIATE BOX(ES)

EQ (a) Human subjects D (b) Human tissues

D (a1) Minors

B (a2) Interviews

OTHER:

D (c) Neither

SUMMARY OF WORK (Use slanetard unreduced type. Do not exceed the space pruMed.)

The purpose of this field project is to evaluate the epidemiological patterns and
determinants of pediatric shigellosis occurring among residents in a research field
site in rural Bangladesh who have had a documented recent exposure to a

neighborhood resident having Shigella dysentery.
The project entailed assembly of 193A children under 5 years of age, from 1335

families residing in 240 neighborhoods having a resident who presented for
treatment of docvunented Shigella dysentery within 1 week of the initiation of
active neighborhood surveillance. Following assembly of these children, each was
followed with intensive active surveillance for one month. This surveillance
included, at baseline, sociodemographic characterization, ascertainment of dietary
and anthropometric status, and measurement of serum vitamin A. After baseline,
subjects were visited according to a systematic schedule to ascertain symptomatic
histories related to diarrhea, and to collect fecal specimens for microbiological
characterization. Field work for the study took place in 1987-89, and the
subsequent interval has been devoted to data cleaning and analysis.
Analyses of the data thus far have demonstrated that the occurrence of Shigella

diarrhea was related to age (being highest in the third year of life), nutritional
status (being higher in stunted children), season (being lowest during the monsoon
season in the summer months), and breast-feeding status (being lower among breast-
fed children, even up to 36 months of age). The presence of a latrine was not
related to the risk, due to the fact that the presence of an vmsanitary hanging
latrine elevated the risk, while the presence of a sanitary slightly depressed the
risk. Interestingly, the protective effect of breast feeding was almost entirely
attributable to the increase in risk of shigellosis which occurred during the
initial 3 months following cessation of breast feeding.
Analyses are now in progress to determine the frequency and determinants of the

progression of Shigella diarrhea from acute to chronic form.

PHS 6040 (Rev. 5/B2)





De>AmMB<T OF hEALTH AND HUMAN SBWICES - PUBUC fCAOH 8BWCE
NOTICE OF ir^TTIAMURAL RESEARCH PROJECT ZOl HD 00390-01 EB

PERIOD COVERED

October 1, 1991 through September 30, 1992
TITLE OF PROJECT (80 chamcttn or leas. Title must HI on one line between the borders.)

Risk Factors for Stillbirth
PRINQPAL INVESTIGATOR (Ust other professional personnel t>elow the Principal Investigator.) (Name, title, laboratory, and Institute aKIIation)

PI: E.G. Raymond Senior Staff Fellow EB, DESPR, NICHD
Other: S. Cnattingius Visiting Scientist DESPR, NICHD

COOPERATING UNfTS (If any)

NCHS (J.Kiely)

LAB/BRANCH

Epidemiology Branch
SECTION

INSTTRJTE AND LOCATION

NICHD, NIH. Bethesda, Maryland 20892
TOTAL STAFF YEARS: PROFESSIONAL: OTHER:

0.4 0.4
CHECK APPROPRIATE BOX(ES)

El (a) Human subjects D (b) Human tissues O (c) h4either

D (al) Minors

D (a2) Interviews

SUMMARY OF WOFIK (Use standard unreduced type. Do not exceed the space provided.)

Advanced maternal age, nulliparity, and cigarette smoking are established risk
factors for stillbirth. We used data from the Medical Birth Register of Sweden,
1983-1989, to examine the interactions between these risk factors and gestational
age, and to explore possible clinical mediators of these relationships. All
singleton pregnancies of at least 28 weeks gestation to nordic citizens at least 20
years old were included in the analysis. We found significant interactions of both
maternal age and smoking with gestational age, and these interactions had different
patterns: over the course of the third trimester the age-related risk of stillbirth
increased, whereas the smoking related risk decreased. The higher risk in
nulliparas remained constant. The elevated stillbirth risk in smokers appeared to
be explained entirely by the higher incidence of intrauterine growth retardation
and placental complications in smokers. However, the increased risk in older women
and nulliparas was not explained by any of the pregnancy complications examined.

PHS 6040 ipm. 5/B2)





DB»ARIlJB<TOF tCALTH AND HUMAN SBMCES - PUBLIC hCALTH SBWICE

NOTlCe OF INTRAMURAL RESEARCH PROJECT ZOl HD 00391-01 EB

PEFOOD COVERED

October 1, 1991 through September 30, 1992
TTTLEOFPBOJECT (80c/)«me*«jor/«s. Tm» must fH on 000 line butM—n the bordm.)

Risk Factors for Placental Abruption
PRINCIPAL INVESTIGATOR (Ust oth»r pmftsslonal patsonnel below the Principal Investigator.) (Name, title, labomloiy, and Instttute affiliation)

PI: E.G. Raymond Senior Staff Fellow EB, DESPR, NICHD

Other: J.L. Mills Chief, PES EB, DESPR, NICHD

COOPERATING UNITS Of any)

LAB/BRANCH

Epidemiology Branch
SECTION

INSTTTUTE AND LOCATION

NICHD. NIH, Bethesda. Maryland 20892
TOTAL STAFF YEARS: PROFESSIONAL- OTHER:

0.4 0.4
CHECK APPROPRIATE BOX(ES)

D (a) Human subjects D (b) Human tissues D (c) Neither

D (a1) Minors

E (a2) Interviews

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

To Study risk factors for placental abruption, we used data from the Kaiser
Permanente Birth Defects Study, which was conducted by the National Institute of

Child Health and Human Development between 1974 and 1978. This was a prospective
cohort study which included 30,681 members of the Kaiser Permanente Health Plan who
registered for prenatal care at one of 13 Kaiser facilities in Northern California.

Demographic and social information was collected from these women at the first
prenatal visit, and data about pregnancy complications and neonatal outcomes were
obtained by review of the patient records. In our analysis, we found that

important maternal risk factors for abruption included maternal age, less than 12

years of education, and cigarette smoking. Abruption was also significantly
associated with intrauterine growth retardation and fetal malformations, and
particularly with congenital heart defects.

PHS 6040 (Rev. 5/B2)





DB>ARTMBa OF HEALTH AND HUMAN SSMCES - PUGUC HEALTH 8BWCE
NCmCE OF INTRAMURAL RESEARCH PROJECT ZOl HD 00392-01 EB

PEHKJD COVERED

October 1, 1991 through September 30, 1992
TITLE OF PROJECT (BO cfMraders or /ess. Thla must fit on ont lln» bmlwfn lh» bordris.)

Fatal Injuries to U.S. Infants, 1983-1986
PRINQPAL INVESTIGATOR (List othar proftssionaJ pwsonn*/ below ttit Principal Invstlgator.j (Hunt, W*, laboratory, and IraUtute illation)

PI: R.A. Brenner Staff Fellow EB, DESPR, NICHD

Other: M.D. Overpeck Health Statistician EB, DESPR, NICHD
H.W. Berendes Director DESPR. NICHD

COOPERATING UNrTS (If any)

LAB/BRANCH

Epidemiology Branch
SECTION

INSTTTUTE AND UX^^TION

NICHD, NIH. Bethesda, Maryland 20892
TOTAL STAFF YEARS:

0.8

PROFESSIONAL

0.6

OTHER

0,2
CHECK APPROPRIATE BOX(ES)

D (a) Human subjects

D (a1) Minors

D (a2) Intervievi/s

G (b) Human tissues E (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed tfv space provided.)

The National Center for Health Statistics linked birth and death records for U.S.
infants provides the first opportunity to assess the demographic, socioeconomic and
prenatal risk factors associated with deaths due to injuries in infants less than
one year of age. U.S. studies of childhood deaths have been limited to the
extremely sparse information available on standard death certificates. Both
descriptive and risk factor analysis of infant deaths for 1983-1986 are being
prepared for publication.

PHS 6O40 (R«. 5/82)





[]B>ARIMB«TOF hEAOH AND HUMAN SSMCES - PUEUC HEALTH SBMCE
NOTICE OF INTTRAMUFW. RESEARCH PROJECT

PFCJbCI NUMUbH

ZOl HD 00393-01 EB

PEKOD CX>VERED

October 1, 1991 through September 30, 1992
Tm£ OF PROJECT (ao characters or less. TMe must tit on one line between the bordeis.j

Trends in Death Rates from Drovming among Children, 1971-1988
PRINCIPAL INVESTIGATOR (UsI other pni/esslonal personnel tw/ow the Principal Imestlgalor.) (Name, title, laboratory, and Iratltule amilalionj

PI: R.A. Brenner Staff Fellow EB, DESPR, NICHD
Other: M.D. Overpeck Health Statistician EB, DESPR, NICHD

COOPERATING UNfTS (If any)

Johns Hopkins University (G.Smith)

LAB/BRANCH

Epidemiology Branch
SECTION

INSTITUTE AND LOCATION

NICHD, NIH. Bethesda, Maryland 20892
TOTAL STAFF YEARS:

0.6

PROFESSIONAL;

0.5

OTHER:

0.1
CHECK APPROPRIATE BOX{ES)

D (a) Human subjects

D (a1) Minors

D (a2) Interviews

D (b) Human tissues D (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

Age, race and sex specific trends in childhood drowning rates in the United States,

from 1971 through 1988 were studied. This study is the first to examine age
specific trends. Previous studies have shown two distinct populations to be at
greatest risk of drowning, white toddlers and adolescent males (particularly black
adolescent males). Results showed that, while there have been marked decreases in
drowning rates in both white and black adolescent males, there have been only
slight decreases in drowning rates among toddlers. In the white population
toddlers have surpassed adolescents as the age group at highest risk of drowning.
In the black population adolescent males remained the group at highest risk
throughout the time period.

The interventions to prevent drowning vary with age. The results from this study
not only help us to see the effectiveness of past interventions but also should aid
us in targeting future interventions.

PHS 6040 (R«r. 5/82)





OePARTMefT OF HEALTH AND HUMAN SSWICES - PUBUC HEALTH 8ERVCE

NOTICE OF IhTTOAMURAL RESEARCH PROJECT ZOl HD 00394-01 EB

PERIOD CXDVERED

October 1, 1991 through September 30, 1992
TTTLH OF PROJECT (BO characters or less. TWa must fit em one llrte bettueen the Imders.)

Gestational Age-Birth Weight Specific Mortality; Twins vs Singletons
PRINCIPAL INVESTIGATOR (UtI other professional personnel below the Principal Investigator.) (Name, title, laboratory, and InttHule afKllatlon)

PI: W.F. Powers Staff Fellow EB, DESPR, NICHD

COOPERATING UNITS (If any)

NCHS (J. Kiely); NIAID (M.G. Fowler)

LAB/BRANCH

Epidemiology Branch
SECTION

INSTTTUTE AND LOCATION

NICHD, NIH. Bethesda, Maryland 20892
TOTAL STAFF YEARS: PROFESSIONAL-

0.25 0.25
CHECK APPROPRIATE BOX(ES)

D (a) Human subjects D (b) Human tissues

D (a1) Minors

D (a2) Interviews

OTHER:

C (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

The investigators have been asked to write a chapter for a textbook tentatively
titled The Obstetric Management of Multifetal Pregnancy . Dr. Powers has recently
written a thesis for his Masters Degree. The subject of the thesis was
prophylactic interventions in twin pregnancy, and as part of the literature review,
data from NCHS on the rate of increased survival of twins with increasing
gestational age were reviewed. Dr. Kiely has reported on birth weight specific
mortality of twins as ascertained from the New York City fetal death, live birth
and infant death files. Dr. Fowler has compared survival rates of black and white
twins and singletons from the 1960 and 1983 U.S. Linked Birth/Infant Death Data
Sets from NCHS. The authors have been asked to consolidate these reports and
expand them into a chapter for the above mentioned text.

PHS S040 (Rev. S/B2)





DB>AR™b*T OF HEALTH AND HUMAN SSWICES - PUBLIC HEALTH SBWICE

NOTICE OF l^fTRAMURAL RESEARCH PROJECT ZOl HD 00395-01 EB

PEWOO (XIVERED

October 1. 1991 through September 30, 1992
TITLE OF PROJECT (SO ehancleis or hss. Title musi fit on one line between the borders.)

Relationship between Air Leak and Chronic Lung Disease in VLBW Infants

PRINCIPAL INVESTIGATOR (UsI other professional personnel below the f^rxlpal Investigator.) (Name, title, laboratory, and Institute alMlallon)

Powers Staff Fellow EB, DESPR, NICHDPi! W.F.
Other: J.D. Clemens Branch Chief EB. DESPR, NICHD

COOPERATING UNFTS (If any)

LAB/BRANCH

Epidemiology Branch
SECTION

INSTm/TE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL STAFF YEARS:

0.55

PROFESSIONAL:

0.55

OTHEft

CHECK APPROPRIATE BOX(ES)

Bl (a) Human subjects

C (a1) Minors

D (a2) Interviews

D (b) Human tissues D (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

The neonatal literature disagrees about the true relationship between air leak

(pneumothorax or pulmonary interstitital emphysema) which occurs in mechanically

ventilated very low birth weight infants (VLBW, 501-1500 grams) and chronic lung

disease (CLD, need for supplemental oxygen at 28 days of age). A data set

collected from a prospective cohort of VLBW infants born in three central Illinois

hospitals was analyzed to define the strength of this relationship more precisely.

Infants ventilated from the first day of life comprised the study group. Some

develop air leak while being ventilated. The purpose of this study was to assess

the incremental risk of adverse outcome (death or development of CLD) associated

with development on an air leak in the first twenty-seven days of life. Secondary

purposes were to assess the impact of air leak on late outcome (defined as status

at 90 days of age) and on measures of morbidity, such as duration of mechanical

ventilation and supplemental oxygen administration.
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OB'ffmdBfT OF HEALTH AM3 HUMAN SBMCES - PUBUC HEALTH SBWICE

NOTICE OF INTRAMURAL RESEARCH PROJECT

PROJECT NUMBER

ZOl HD 00396-01 EB

PERIOD COVERED

October 1, 1991 through September 30, 1992
TITLE OF PROJECT (80 chamctars or hss. Tttlt must fll on om lint betwnn th» txmlers.)

The Risks Confronting Twins; A National Perspective
PRINCIPAL INVESTIGATOR (UsI olhar professional personnel below the Principal Investigator.) (Name, tUle, laboratory, and Institute mtflllatlon)

PI: W.F. Powers Staff Fellow EB, DESPR, NICHD

COOPERATING UNITS Of any)

NCHS (J.Kiely)

LAB/BRANCH

Epidemiology Branch
SECTION

INSTrrUTE AND LOCATION

NICHD, NIH. Bethesda. Maryland 20892
TOTAL STAFF YEARS: PROFESSIONAL OTHER;

0.25 0.25
CHECK APPROPRIATE BOX(ES)

D (a) Human subjects D (b) Human tissues B (c) Neither

D (a1) Minors

D (a2) Interviews

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space provided.)

Data from the Linked Birth/Infant Death files prepared by the National Center for

Health Statistics are being used to calculate race-specific relative risks and
population attributable risks for five adverse outcomes (low birth weight, very low
birth weight, neonatal death, post-neonatal death, and infant death) in twin
pregnancy. The role of the former two intermediate outcomes in explaining the
later three outcomes will also be assessed. Because the data set used is
population-based for the entire nation, the risk measures reported will be free
from referral biases that frequently distort risk estimates that originate from
teaching or referral hospitals.

PHS 8040 (Rev. b/92)





Ubh-AKIMtNl a- MtALTM ANO MUMAM StHVIUtS - njHUU MiALTM SUWCt
NOTICE OF IhTTRAMURAL FJESEARCH PROJECT ZOl HD 00801-17 EB

PERIOD COVERED

October 1. 1991 through September 30, 1992
TITLE OF PROJECT (80 chamclen or hss. 77f/» must fit on on» Una batvuBen tfw tiordais.)

Studies Based on the Medical Birth Registries of Norway and Sweden
PRINCIPAL INVESTIGATOR (Usi other profasslona/ pnsonrwl below the Prirxlpal Im^etlgator.j (Name, HVe, laboratory, artd Institute atllllatlon)

PI: A. A. Herman Visiting Scientist EB, DESPR, NICHD
Other: K.F. Yu Mathematical Statistician BMSB, DESPR, NICHD

COOPERATING UNITS fifany)

NIDCD (H.Hoffman); Univ. of Bergen, Norway (P. Bergs jo, L. Irgens); Univ. of

Trondheim and Natl. Inst. of Publ.Hlth., Oslo, Norway (L.Bakketeig, A.Arntzen);
Uppsala Univ. (G.Lindmark. O.MeirikK
LAB/BRANCH

Epidemiology Branch
SECTION

INSTTTUTE AND LOCATION

NICHD, NIH, Bethesda, Maryland 20892
TOTAL STAFF YEARS:

0.1

PROFESSIONAL

0.1

OTHER:

CHECK APPROPRIATE BOX(ES)

D (a) Human subjects

D (a1) Minors

D (a2) Interviews

D (b) Human tissues B (c) Neither

SUMMARY OF WORK (Use standard unreduced type. Do rtot exceed the space provided.)

These studies have focused on: 1) the relation of the quality of medical care to

the risk of perinatal death, 2) the tendency to repeat similar birth weight and
gestational age in subsequent pregnancy outcomes to the same mothers, 3) perinatal
mortality in relation to order of birth and size of sibship, 4) epidemiologic risk
factors for preterm birth, 5) epidemiologic risk factors for small-for-gestational
age births, 6) contribution of multiple births to perinatal mortality rates, 7)

size at birth as measured by head circumference, crown-heel length, and birth
weight in relation to gestational age and perinatal mortality.

PMS 6040 (Hev. 5/92)





DB'ARTMSn' OF HEALTH AND HUMAN S9MCES - PUBUC HEALTH SBMCE
NOTJCE OF IhfTRAMURAL RESEARCH PROJECT ZOl HD 00861-10 EB

PERIOD COVERED

October 1, 1991 through September 30, 1992
TITLE OF PROJECT (BO characlars or lass. Title mijsl tH on one line between the bofdeis.)

Assessment of In-Utero Fetal Growth Patterns in Relation to Outcome at Birth
PRINCIPAL INVESTIGATOR (Us) other pmfesslonal petxmnel below the Principal Investigator.) (Name, title, laboratory, and Institute amiatlon)

PI: A.A. Herman Visiting Scientist EB, DESPR, NICHD

COOPERATING UNITS (If any)

NIDCD (H.Hoffman); U.Trondheim, Norway (G.Jacobsen, L.Bakketeig) ; U. Bergen,

Norway (P. Bergs jo, T.Markestad) ; U.Uppsala, Sweden (G.Lindmark, G.Ahlstein);
Vanderbilt U. (G .W.Reed^! U. Alabama at Birmingham (R.Goldenbere . K.Nelson)

LAB/BRANCH

Epidemiology Branch
SECTION

INSTTTUTE AND LOCATION

NICHD, NIH, Bethesda. Maryland 20892
TOTAL STAFF YEARS: PROFESSIONAL OTHER

0.2 0.2
CHECK APPROPRIATE B0X(ES)

El (a) Human subjects EI (b) Hunnan tissues D (c) Neither

D (a1) Minors

E] (a2) Interviews

SUMMARY OF WORK (Use standard unreduced type. Do not exceed the space proMed.)

This is a prospective study of risk factors associated with intrauterine growth
retardation. Recruited were pregnant women before 17 weeks gestation at the

University of Alabama in Birmingham and University of Trondheim, Norway (in

collaboration with the Universities of Bergen and Uppsala) for the period of

January 1986 through June 1988. The children are followed for five years to
monitor physical growth and behavioral development.

PHS 6040 (Rev. 5/92)





NOTICE OF imTJAMURAL RESEARCH PROJECT 201 HD 00872-07 EB

PERIOD COVERED

October 1. 1991 through September 30, 1992
TTTUE OF PROJECT (80 chamcteis Of less. Title must fit on ona line between the borders.)

Factors Associated with Premature Births; Missouri Follow-Back Survey
PRINCIPAL INVESTIGATOR (List other professional personnel bekm the Principal Investigator.) (Name, title, laboratory, and Institute a/Hllatlon)

PI: A. A. Herman Visiting Scientist EB, DESPR, NICHD
Other: H.W. Berendes Director OD, DESPR, NICHD

COOPERATING UNITS (If any)

NIDCD (H.J.Hoffman); State Center for Health Statistics, Missouri Dept. of

Health (G.Land, W.Schramm, J.Stockbauer , V.Pierson, B.Boley)

LAB/BRANCH
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SUMMARY OF WORK (Use standard unreduced type. Do rmt exceed the space provided.)

The objective is to obtain more accurate information relating to the very low birth
weight (VLBW) infant, <1500 grams, than is now available from the United States
vital records. This objective will be accomplished by the following: 1) mailing
or administering a questionnaire to mothers of VLBW infants, mothers of fetal
deaths, and a sample of mothers of moderately LBW infants (1500-2499 grams) and
normal birth weight infants (>_2500 grams) in order to obtain and verify information
from the prenatal, perinatal, and post-neonatal periods; 2) conducting telephone
follow-up interviews on non-respondents and incomplete respondents, and a 10
percent sample of study mothers to obtain and/or verify information on the
questionnaires; 3) developing procedures for abstracting information from hospital
and physician records, including otherwise unavailable or missing information on
morbidity, lifestyle, and socioeconomic indicators of the study subjects; and A)

preparing an edited data tape for NICHD. In addition, mortality and results of

follow-up evaluations will be available through the first year of life for this
birth cohort.

PHS eo4o (Rsv. s/ez)



L/ii^







M!H Librcirv, Bt'^'^inQ 10

B2lhcsd2. Md. 20392

• LIBRARY

NMH
'1^ Amazing Ressarch.

Amazing Help.

http://nihlibrary.nih.gov

1 Center Drive

Bethesda, MD 20892-1150
301-496-1080



wxieRARv

3 1496 00538 4402

mm^


